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(54)Title: D-SORBITOL DEHYDROGENASE, GENES THEREOF AND USE OF THE SAME 



(57) Abstract 

Three subunits constituting D-sorbitol dehydrogenase (SLDH); genes encoding them; a process for producing SLDH by culturing 
cells transformed by expression vectors containing promoter genes appropriate for expressing the above genes and the above-mentioned 
genes; and a process for producing L-sorbose or 2-keto-L-gulonic acid (2KLGA) by using the above culture. This process permits 2KLGA as 
a precursor of L-ascorbic acid to be easily produced in a large amount. 
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c) ^fi&fcssttSMfc^rafr-cfcs (*ia*#i). D-y^trh-/u%fls^ 

W{^bi--5«t^#3^i^^^D-y7U^--^I^^S»}w*rL, SLDHgft 

— 2KLGAit nm^nh-y/u^-^^itm^mit-r^^t^x 

•J^fifcSJxTVNSo L-yA^-^ftKuyt-lf (SDH) *3«fcTJ«L-y^ 
4?yyft Knyt-€ (SNDH) K J: 6 2»»<©#3fcA«ifiMl:KJSS:«ft 
L-y/U#— ^*2KLGAI^aSlft-t-S»^4fc3JS*n?>ixTJ4l' , »5as, V^-f^t 2 

•5 o 

«lCJ:ct2KLGAl:«i 9 «fc < £j£$-tf#5#Ss t IT, S 
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10 Ss&sHft-rswt-efcSo 

#fS93#<bte, ±IBBWSrai*i-5)t»»::«i*W5SS:fifcfcJS*, SLDHS 
15 ^°n^~^— flUSSr'&tfDNASr^n— sy/t5r £: MJ*5bL;fc. * 
iftx.f4»?:gSLTS LDH^iStHi;, Hititfe2r/8<^TD- y^K* 

20 -rfcfc>t>» *»WHWT{Jl*-t*ii5Tfc5. 

C 1 ] TE<z>ttKSr*-t"5 # y K„ 

(1) ^i:ft6 2kDa (SDS-PAGE) , ^ 6 0 k D a (T V 7 IfeSB?IJlc£-3 < ft" 

JUS) 

(2) Nt^SSWcDT 5 /^SE^Ud* Ser Ser Ser Asn Ser Leu Ser Ala Asp Val Val He 
25 Val Gly Ser Gly Val Ala Gly Ala (SB?"MgB?iJ§-5§-8 ) S/cfcfc^T 5 J ftiRM 
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3 

O) Tfs<£>t£SC£*pr 5 ifi v K t m&&z&f$. lt d - y tr h l 
-y/i^-x(;:^&1-5SJS£fl£g£Ufi5 

(a) :|)20kDa (SDS-PAGE), *>J 1 8 k D a (T %JfkWM\^^<Vt 
5 JMft) 

(b) N^SiBIOT 5: J B&L&\& Glu Glu Ala Lys Ser Pro Leu Ala Ser Arg Asp Glu 
Tyr Glu Arg Phe Phe Glu Val Ser {WMW^n^ 9 ) *fcfi^T 5 7 WiWM 

10 [2] TieottS^^rt-s^y^^Ko 

(1) :»20kDa (SDS-PAGE), ftl8kDa (7^ ^E^IJi-S^ < ft 
3MK) 

(2) N^^gilflCOT 5! 7 &g!?IJ/$ 5 Glu Glu Ala Lys Ser Pro Leu Ala Ser Arg Asp Glu 
Tyr Glu Arg Phe Phe Glu Val Ser (iE*imiB?IJ#-^ 9 ) ~t tzteWiT $ J WMM 

(a) :^62kDa (SDS-PAGE) , ^60kDa (7?; ^@£?IJ{Cg-3 < ff 
20 DLffiE) 

(b) N^^gtt'JOr 5 7 ^ffi^'J^ Ser Ser Ser Asn Ser Leu Ser Ala Asp Val Val lie 
Val Gly Ser Gly Val Ala Gly Ala (M^iMM^l^ 8 ) $.tzl*&T 5: 7 $ffi*IJ 

i:*jv>t iiti< ttmfi^r m&i> t < wtftapstufcr 

25 [ 3 ] TlE<z>tt®^^i-§ ^ y Ko 

(1) 
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4 

(2) : m 5 1 k D a (T ^ 7 BfflB*IJfc:£-5< ff-gfil) 

(3) N5fcJMtf>T $ / 8SB&lifi Met Arg Glu Gly Asn Lys Ala Gly lie Arg Arg Leu 
Phe Leu Pro Ala Ala lie Ala Ser (E*!l*E?!l#* 1 0) *fc«I^TS 
JUlcjavNT l fife L< ttSMH©T 5 ygW^ifc, g&t> L< fctfl-;&p£*Wc:T 5 7 

5 &aE#|-C*& 9 » Io3 ^^O^A^-n-^fil^^-t ViJ-^iB^IJ (Cys Xaa Xaa Cys 
His ; £9!iatE?ll#-§- 1 1 ) ir&t* 
[4] ■{fA'=i / ? — • zflri/jfls* {Gluconobacter oxydans) IF032 
5 4t*S^T-fc5JlfE [1] ~ [3] <D^-rfrfr<D#V<^h'o 

[5] ±ta [i] SJ-fcu* [2] ^y^^K^-^-eft^ D-y/nr n— 
[6] s&mjrffi [3] <D#v<7'?'V$:'aAsX~f£Z>±sd. [5] co^-y 

[7] £i1Fco (a) 3?. li (b) <Z) /K U ^7°^" Ko 

(a) E9imE?u#* uji* * t 5 y m&?w* e> * s ^ y k 
15 (b) Be^Bs^J#•§•uc^$i^sT5y^@a?'J^-*3v^Tl^ : L<^^^@©T5y 

cD/Ky-<y°^- t ti-D-y/wtr l — /u^L-y^—^i^^-r^s.^f l & 

(c) EyijJtEWS-g- 3 $ tv5 T ? y & ft 5 # y ^7°^ K 

20 (d) eyu*Eai*# 3 tn* $*u5 r 5 y &R.w\z.i3 v 1 ^ l < iim©7 5 y 

Ifc&sfcite, gjfcg L < ttmu £ HfcT 5 y &IB?!lfl> b ft 5 # y K 
[8] ]^Tro(a)Xtt(b)03Ky^^K 0 

(a) E#8ffiai#-s- 3 in* $ tus t $ y <b ft 5 # y K 

(b) ia^ia?iJ#-^-3 {Ctf£*l3T 5 y®£E5<]lC*3<^T 1 3&L< KJt«fcflG>7 5 J 

25 tta**^ s&s l < ttf+an $ Jxfcr 5 y ^ia?ija> & ft ?» * jlo«t© (c) xi* (d) 
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(c) m^mm^m^- 1 1'^^^ r ? y m&nfa bftzxv k 

5 [9] WT<^(a)Xfi(b)W^y^^K 0 

(a) £$u&e$u#& 5 td^^ixsT 5 y mmm> h * a # y k 

(b) ia^J^IB^JS^- 5 (Ctf £*V5 T 5 y KE^K^T 1 ^ L < tefcjgOT 5 y 

10 [io] tr/v^ss<? ?-m\z.m-rz>MW&$:V$>Z>±.ad. C7] ~ [9] <z>v* 

[1 1] _hffi [7] *5«fctf [8] Wjtfy^^K&^-CfctK D-y^h 

[12] £bl--hfE [9] <£>#y^?°^ KSrgX T*& 5 JiiE [11] V>*V =*" 
15 -7-I6S. 

[1 3] _hfE [7] (O^V^f- K&=» — Kt5DNA 4 «MC, UtT<^(a)*fc 
|4(b)©DNA 0 

(a) E?!iaE5U#* 21^ $ :&SK?Ua> b^5DNA 

(b) e?ijstia?ii*-§-2jc*s*x5*aaE?ii*»bJteSDNAfc^ h y h& 

20 ^y^^t#5DNA 

[14] ±ffi[8] O^y^fKfta-KtSDNA, $M-, OT©(a)ifc 
»4 (b)C0DNA o 

(a) E*j*E*j#^4i^$*t5*a»w*ati£#*i 24-59 l-e^^s 
*aa;Eyija»e>*<5DNA 

25 (b) Jb|H(a)<ODNAt^. h V hfcftttT'W :7y ^XLiSDNA, 

Sfc*. 6tTO(c)*tlt(d)©DNA 
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l5?lJ>5>fe&£DNA 

(d) ±i5 (c) (D^mmm^^^x imv< \tmm<D^m^x^ m&m l < \*mu 

[1 5] ±15 [9] (DtfV^y?- K£ = — Kf5DNA, «MC WTGQ (a) * 
|i(b)©DNA B 

^tt"CW/y^XL#5DNA 
[16] ^/U=iy>'<^^-m{-JS-t-'SiHBMft5l5T*fc'5±i5 [ 1 3] ~[15] 

[1 7] ^T<^(a)*^Ji(b)<^DNA^^^5^°t3^— ^-it^ 0 

(a) EJiJSEW^ 7 {rTj^tLS&SiaWi^M^ 1 ~ 6 8 o 
S£?lJri»bft5DNA 

(b) ±15 (a) ^Si2^iJ{-*3V^T 1 m L < f±m^cD^S^^^ % l < htfl-Jn 

$ n^ssa^j^ h tt v . E.o^#»^*i v >r t° n ^— ? — sitt^^r-r s d n a d 

[1 8] JS{Cjg-r-5»ie*3l5T*fc5±l5 [1 7] ©7°°^- 

[19] ±15 [13] ~ [16] (^V^tu^cODNASr^-tpM^X.-^^^— 0 
[2 0] ±15 [1 3] *3.£t* [1 4] ^DNAfcmtmtfJtf^airSim^*— o 
[2 1] £(bJ-±f5 [15] <z>DNA&£Hf!&KjK:^ir±i5 [2 0] (D|g^-<^ 

[2 2] ±15 [1 7] ^fcli [1 8] W^D^-^— itg^F^tf^g^^i? 

[2 3] ±15 [ 1 3] *3£X? [ 1 4] ©DNAi^D* — 9 — ilHzsT-^OTaft 
{-^6<3{-S2g$tt5±B5 [2 2] <Z>3§m^*- 0 
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7 

[2 4] £<bK±HE [1 5] ODNAaSttrn^E— ^— Jtg^©TaE^»1)B«J 
I-M$n5±f2 [2 3] (D&^ff-o 
[25] ±15 [1 9] ~ [2 4] ©U^r*bi»©^<^^— •CS*jWJiaS:»JMElft 

[2 6] ±12 [2 0], [2 1], [2 3] [2 4] W^"f *Lj&»<Z>*a^ 

10 [2 7] ±12 [2 0], [2 1], [2 3] *fc»4 [2 4] GOV H/S^Sim^ ' 

[2 8] ±12 [2 0], [2 1], [2 3] £fch£ [2 4] «>Vvf *ta»<©38a-<* 

* — -e?BJMEifc£;h'fc l - y/uyii— 7 % 2 k l g mti &&-r Z>m± 

mfA $ *S ie«r£t> 2 K L GA©|!!im 

#3gBJ3 W S L D H £- a - Ki" 5 iH5^8¥£-a ir|g?§-<^ ^ — t? L - y /WK— * 
£ 2 K L G A tg^3 £ 5 *M&&fl$fr£& U » S>*tS ^JWEIftfr Sr 

20 /^^iS^2KLGA^*^o^:fl:{cS!{3t-r5-i^t?#5o Lf^ot, 4: 

25 ^^-rHTfcSo 

^2HUi, 7^y77"^P-y# 7DNAMW^7^^ Kp SD3 7 R 



WO 99/20763 



PCT/JP98/04612 



8 

isiiFp b l 7 s a i 7 <Dmm&^i&m&7ikirm-?*>z 0 

^f-^x^ y h : 

(1) frf- ft : ^ 6 2 k D a (SDS-PAGE) , ifi60kDa (7 5/ SME?Ufc£<5 < fr 
10 *4ft) 

(2) N5fcSS5ffl!ltf>T $ 7g£@fi^lJ;i s Ser Ser Ser Asn Ser Leu Ser Ala Asp Val Val He 
Val Gly Ser Gly Val Ala Gly Ala {WM^M^m^ 8 ) SfcfSf^T 51 7 &IS?IJ 

15 W7=l=-v h : 

(1) 3H=-ft :«5)20kDa (SDS-PAGE), ^18kDa (7 5/ ^lE^JldS^ < Sf 

(2) NtKJS1B!|CC>T 5 / IfcKl^'ja 5 Glu Glu Ala Lys Ser Pro Leu Ala Ser Arg Asp Glu 
Tyr Glu Arg Phe Phe Glu Val Ser -(gi&\3t&&m& 9 ) *fct4tt7 5 / BtiBTU 

20 tia^TistK tegc<@<z>7 5 / ^a^ife, e& 1 1 < ttttfln $ titer 5 / & 

(1) ^* :|S51kDa (7 5/ BtE?l]fc:S<5< 

(2) N^iffliiycOT 5 /®H££lJri 5 Met Arg Glu Gly Asn Lys Ala Gly lie Arg Arg Leu 
25 Phe Leu Pro Ala Ala He Ala Ser (iB«IE?IJ#^§- 1 0) ££:{if£7 $ /«£ 

Wte*sv >r i t> l < iiM©r $ / ato^ffe* e& t> l < teflon $ tifcr 5 / 
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ti&M&lXhV. Io3 Jjffi(D^J»&&mZ=> is-t (Cys Xaa Xaa Cys 

His ; m^im^m^r 1 0 ) %*gtt 

aMF-S^V;** St^^^y^^^— • ^v^^:* I F0 3 2 5 4#fcft3fc<£>S 

^ij^ia?ij## 5 $ r 5 y gfeia^ud^ & 5 ^ ^ ^ — ^ c m# v k 

#36wosldh«\ (i) mmm%m£.-r?>Mn&±tctemi&(Di%mv!)*mnt 
20 <ss©^*pTOS:aM^5rtjj:j:oTis#-r5ri:^-c#5„ (1) 

Wfc*t5S«**»bSLDHig&tt«:#-r5Bd*»PBIIelil5l-rs 
25 ^3 / /^ ^ - • t*^^ I FO 3 2 5 4«©1^ SLDHgttliiWa 
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-i=»fcJ:i;illE->3 -ytmzJ: <9g£®&&5£#U 10, 0 O 0 r p mgSf 
m>bLT±M&®W.Ltc'&, $?)l:30, 000~40, OOOrpmgltg 
ia^SL-Ctt© (BHB£) £»5)o &v^\ SLDHSttBf^sfitai^T?*)* 
#P>ixfcl!tH^»feaaft*a5ffitt»l, fftUUTr I ton X- 

5 i o o^<Dm&t><Dm^mmtimmzm^xs LDH^«iMt5o i#><z>s 

IS**** ^VHttfi, SDS-PAGE ifo^ loiSWffl 

10 fS^fe, ^ft>^n-7F/77-f- % t Kcrdr^/UT^^-f' h^" 

15 jf*L<»4$bicE?U*E9>j#»5fc^Stu5T5yiftEy!l*S{CL-r, #e?u 

#y^^- K& = — Ki"5DNAfi, -tiveixfi?ij*e?ij##- 1 K:*SixST5 

25 WW 3 (c^^nST 5 y MEai^fcfcStfy K*fcli-t©*&*Mfe& = — 

Ki~ 5 D N A*5 J: tWEW*EW#-§- 5 fc* $ ix-5 T S y gElB^jTi^ * 5 # y ^ 
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5U**S»*i 2 4~5 9 lT*$ft5*MES^a»fc3IKWfc:*5DNA, £81 
*EyiJ*#6fc*$Jx5ii[aaB3?iI**bl5jrfieifc*5DNA-e*>ao ---e rnK 

10 ^avh**ft= (*|gP^-Cf4, *tt*iB?"Jlc*5V^jft6 O %£K±<Dftmtk$:fiir 
5DNASrS*i"S 0 

=i— Ki-s DNAtt, ia?y*E^j#-i-4 (c^$H5>^sia?u^s#-^ 1-59 

l T*^ $ ixSJISEJiJd 1 S D N A, fe5VM4B^Sga?UiC*5V^T 1 tt<« 
20 5o r<OJ:5*DNA»4^aiRS»tLTN^|ci;— ^-ffi?lJSr#-t-5/J^ 

^iVfh^B-Aci*!;^ K^a-KtSDNAtt, 1 oc£>^ 
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f-ZfzL-y h£=i — K-r3tf— 7^^/7 1 A (ORF) «*52V>}i 

NAd»ibiE§!l£*v5 c DNA, ^^y^DNA^bil^^DNA, ffc^ 
Jfcfcl* tlH^SDNA, RNA*fcttDNA^HIiLTPCR&T'i|*g$* 

3 - Kt5 DN Al:^ n-=i//t5. 

fciSotffllU, S LDH^I4t5»*fcl«J; 5 IS^flfc c DNA* 
-^y^^y Kt5DNASr^o--ym-ttt*t5 0 
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5 Kt* commute £Tfm&^n~&<vMm$LV!>fcmf h*iz> 0 

^ — • ^drv^VJX I F03 2 5 4 t*|335lWfc<JD-e£>5o 

=J-K-t--5DNAC0mSl^t^{CLT, S L DH^^-f.5iNBBa*feti^ 

20 ?—is£W7T— ^99— m&n-$&nz> 0 m%m^^9 9~ ffiftfua 

25 -K-rSDNA^Hg^i'^tf^ia^^^-. J:9#*L<tt$e>K:^h*n — 
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20 W Shine-Dalgarno (SD) ffi?IJtf^£*L5 0 0(1*. tf, It^^M©*^^ 
ffii&t LX t r p^Bt- * — , lacM-?-, r e c 

W<Dm^\at, -f^^—^—^^h. LTSPOl -fu^—ff—^ SP027"n* 
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Jh3 KyiLTIitfflroTGA, T A A*JJ:t/T AG^ffl^ btt^o 

^IBBflOS L DH£r =2 — K-r5DNA*Jtt»*Sr*^i-5*lia*fcttia«A* 

b*i5^o-=^/^^-tLTU, teift**l«a>*£\ *JI§^&3£<Z>p BR 
10 — , pUC*^^-*, ife5V>(itt?fS*OpUBl 1 0, pTP 

5, p C 1 9 4«f*S««J*$ix6o 

*&m<DS LDHO^t^sj' hSr-tJx-e*i. = — Ki"S DN Ai$«iBWJ-E 
B$*i)fc'«**-» J:5Hf4L<ttf F^n-Aci/K^/f K«r=» — K-T5 
15 DNAiSSfe^atStt^Ett^Jxfc^^^— "^feSo ^lc$f*L<«. #-^^3- 

NA, ^ b? n— Ac*#!l^ KDNAWWJCiBJIJSixfc^^^— -CfcSo 
**W<OJKHte»frtt, ttSHOSLDHOWasy h £r=i — Ki~ 5 DN 

5, #SL 1*^^d»B («X.«DH5a, HBlOlf)^ *3 

5 0 0«X.f£, iS^^M^teM*?©*!*©*^!*, Cohen bO^fe [Proc. 



WO 99/20763 



PCT/JP98/04612 



Natl. Acad. Sci. USA, 69: 2110 (1972)3 % -fn Yzf=7^- h& [Mol. Gen. Genet., 
168: 111 (1979)] *5«kTJ«=J >- t°T> KJfe [J. Mol. Biol., 56: 209 (1971)] ^ 

^ p * - * - ifi&st w <d ? * * - ate-?- -c h z i&sms< 9 * - -nwtmsk £ 

f£§!f£;ft-5m-3\ iiiHSatt L - 2 K L G A|:lj^t5l^?rf t 

-S^O-CfeSi^^feSo 0*L<fi, B^±SBHa}iSDH*3 6 fct/SNDH?Stt 

15 ^J/^^Tl 0 o^dsaiUffcixS. AIttl£ft^£*tfc£0>J: 

LTfi, _hia<055«5J^ft-f"5*llB^&*«l$*t,fcSDHj8j:tJ t SNDH 

sr = - k-t s d n a &«iewj;:#t>sss«<* 9 —xtewteMfc £ n/c^s^ w 

"b^5o AfrWJCl** E. coli JM109-pUC19SD5 (WO 94/20609 VkW) , NB6939- 
pSDH-tufBl, NB6939-pSDH-trp6. NB6939-pSDH-PLl, NB6939-pSDH-tac8 (£A±, W0 
20 95/23220 42S«) ^{S|*$tv5„ 

MroSLDHIt ±|a<30S LDH^=i— K^" 5 D N A&ttMfettlw^iWBS 

*««6»bs LDHSrtBJR-rsntlciOJHJi-t-Sr t* s -e*5. 

25 Jftffi* rUirn— /K U< t4L-y/m?— D- y/Vfc* h— /U£r^£"f 5 
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f-7ttffi««s) Sr^-ev^TfcJ:v\ £ 6> fcifr file «fc 9 . tt<z>$*8K (#1 

«a»^^i/^A, atfbjtM'^.fcO, tr^5 
caco„ ^y-trn — ^«tt5§*-efe5„ igJfco*i (D-y^t* 

h —/WO" il#l~5 0%, Sf$L<IJ2~3 0%, £<9#F*L<fi5 

~2 5 %-?$>•&, 

10 ft?Htsft&<Z>&*tt, ii^pH5. 5~8. 5, »igtr«pH7~7. 5, 1 

8~40t, #jgfc»4 2 0~3 0"Ct5~5 0 B# 3 o 

S L DH0>*&iltt, s l DHjgte<z>$q£1-5Hi$HJ:j£; C-CififirGUfl 

#&W©L-y;Pjtf— *©883fefrSfcf4, ±EOSLDHta-Kt5DNAS: 

y/u^— **ft^D-y^lf h— /u*S«$-B:5*«fe^H:, D 

20 *^©2KLGA©I@*ftll ±IB<OS LDHSrn— K-TSDNASrttMIB 

ttfc^tfBS^ ^WElfcSixfc, L - y/M?-* «: 2 K L G AWE* b 

— /WSrftttS-frartfcJ: 9, 2KLGAi4l«S*5. SHMfefcD- yyHf h 
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mmm »pH5) ttiitx, ^^*aa^^«tt)®«s:^#tfc^3i'L^ 
10 b-mzm^^frzmmxm w*.t£* mm. pa^kr. m%tmmH±X'<D*> 

(c J: o "CCrT bfrJPS $ tv5 tofttftv \ 

15 

7 fr-a J /<9 9 — • ^i^V;* I FO 3 2 5 4 /^£><D yA-fc* h— A* 

(1) IK^tt 

^=//<^ - • aM?^^* I F03 2 5 4ttttWHifeA3SBHIH£Br (5 
20 3 2-0 0 2 4 B*H^cBSr|iigJIIK+=*IT2-l 7-8 5) A»bA#Ufc 0 

(2) /Aoy/^^-'t^^IFO 3 254©«1 

• ^-^f^^^^ I F03 2 5 4$fc<E>*>^40l'=i nr:— 5 
0 0mlfi©£ft77^=' I t , ©2. x x l. 0%/Ky^yh:^ 

0. 5%g£Sflbtti^ (7*^ 7 = 9^9 h !J— X, USA) *5ctt>*2. 0%CaC 
25 O, (#1 0 0m 1 X 5) fcttfiLfco J&*tt3 0*C, 2 5 0 rp 

m (5. Ocm- throw) Tl 8l$IWfTofc 0 #***T«, 
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5 00ml) -SM'C, 6 0 0 0 r pmfl 0 ftWli&'L- Ltc a %t>ntz.Mti&&#i± 

s^tK-c i mfcft u ft km c^ft-cstwa^ Lfc 

(2) "C#ibnfciSlJ3a : S:2 Om 1 <D 1 0 mMffiUStlf % (pH5. 0) £M 
5 U ^jfe-e?K#Lfe 0 ^U4t, 10, OOOrpm-?10^Ii>LT± 

tSfcHlliXU Sbl-4'C % 3 2, 0 0 0 r pm-C6 0#ra«a-kfcf*LTHBllSffi 

m& (etm) *#fc 0 

(4) Kif^e>©SLDH©«P» 

JHHk9-& 1 0 mMffftttSHft ( p H 5 . 0 , 6ml) W»» L» Triton X 
10 - 1 0 O&J&ft&l %lC*5J:5^aSaiLT, Tki^Tt-T 1 . 5B#fflSMBL*:o 

4 3 2, O O 0 r p mf 1 BlPMi' LT±t (ft 5 m 1 ) 
SrEURU in*"I«MtSLDHH»iLfc. 

(5) -T^-V^^n-e h^^-f — 

"T*S<kS LDHB^ (2ml) O. 1 %T r i t o n X - 1 0 0 Sr&tf 
15 2 5mM Tris-HCl (pH 8. 0) T'fiftLfcTSKg e l DE 

AE-5PW*7i» (7. 5mmi^Sx7 5mm, 4rJflV>fc>f jj-^Xjft 

sp«««tt^©aasi^7 > f i>tc mm ■. 1 m 1 ^7 ^ 

MSffi: 4 5#)„ »ffiiftttl. 5 Lfc„ <£< IrHH^ IT ~ 00)20* & 

20 frV\ Ml£-t-5iii»*r^*fco MMRiStttt7 3i!;^T=-Kjfe [Shinagawa f>, 
Agric. Biol. Chem. , 46: 135-141 (1982) ; 6 6 0 n mOfflEftiCtel? 5®ftl£<£> 

SlfkS:tt«i-5»*©*S:l*=s' hifcftLfc. S L DHfgt££jiH!J£ 

U Ste^S* bftfcili^- (W» 10X151 l) &&t>Tttz 0 #btbfcBi^^i 
25 OmMmiiS (pH5. 0) fcLttLTStfLfcgL IWe^HbLfcTS 
Kge 1 CM— 5 P W (7. 5 mml*3@X 7 5 mm, ) Srffl b^tzJ UrS 
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1/ htifffl : 4 0#) o ^ffl^tt 1 . 5#fcfcl$mU Kt^V/USS^ h V 
T"CO# !J 7 ^ U § K^A4lftijcB [12. 5%SDS-P AGE ; $r£*b 
5 3£3ggt!ftB£ OtGKft^iaiA), 1: 330-387 (1990) (Zl2p%3 *s J:tf»*fiH4<Z>W£ 
Srffofeo SDS-PAGEM©S*^b, S LDHgtttt6 2 kDa t 2 0 

-TTfcS irlftS'J^tbfe (rtvf><D#[« Shinagawa £>, Agric. Biol. Chem. , 46: 
135-141 (1982)fc«ftSixTV^S«[i: £ < — ScLTV^S). £tT, :©62kDa 
10 *3«tU«2 0 k D a ^ K Srthf tl*t y hfcitf/ht^asy h <b 

**-rs. 

|HJ£0iJ 2 SLDH<Z>gB#T^V SMBW^W 

TSKge 1 DEAE-5PW*7A^O-rh/77^-»ffii4B^ (2m 
1) &/jN&l804Bia£tB (Mo 1 e c u t I 1 LGC, 5 V #T) &ffl^T^ 
15 I8O/1 litiliU 12. 5%SDS-PAGE(C#Lfc„ #A'±.V&Ml> 

•te.9 1"<?M&#V f= Ufyi??^*?^ K (PVDF) Hil^nyMfc 
KSrO. i%7Kvy-S^tf 1 %g^7K-e&feU Wk^fc6 2kD 
a*3«tt>*2 0 kDa ^W<^K*^tf*S:^n^ixia*) WL-C3)K97K-Cifc*Lfco 

^umtf^M.^nit^^^o^—^^^— • 7 oa (r^7^ k 

V KvSrStf 100 mM^TKic 3 0 U Iig7fc-C2fcfr&, 1 mm# \zm 
WiLX8%T± h— h V^&Str 2 5 mM Tris-HCl (pH 8. 0, 
2 0 0 ji 1 ) WB» Lfc„ M?§i&£r 1 5 frffim^Wm U 1/igC!) vvl^ 
25 ^K-<^y— if (frft^) ^P^-T, 3 7 < CiClT2B#^-r V^3.-<- h Lfc 
|> l/i g © 'J ->^xy K^^f^f SrillP LT 3 7*Clc:T£ bi-l 6 8#F«!H 
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^ArCosmosil 5C4— AR— 300 (F*9|§4. 6 mmX 5 0 mm, 

7-**) ;i£ffi : 0. 0 5% h y h~ h V^8%fab 

3 8%Ol»/?^*y (3 05)-); &tti§§ : 2 1 4 nm] D ^^l^o, 

5 hi"9 6Si^f Wfr (LI. L3, L4, L5, L6*SJ:U?L7) 

/Mh^3.=i h «t «9 4 IKB©-<^ K»t>t- (si, S4, S5*5£U*S6) &¥. 

cor 5 / »R?9*-tiv?ixftfeLfc„ ^^m?:* l icffi-r. 

10 SLDH<D*/J^1t^l.=^h0>SiJ#T5>'&IE$IJ 



N3fc(LN) 


SSSNSLSADWIVGX°(G) 2) VA(D) (A) 


(12) 


L1 


TNYXVVHBPQARNTRPYDK 


(13) 


L3 


WAVNWDPDK 


(14) 


L4 


EVPLSYGADQFRK 


(15) 


L5 


DVLGIPHPBVWK 


(16) 


L6 


ELBEQIRYGSSHAVRLFSHNBGIADPDNRL (17) 


L7 


ELMALMSGTDPQWTK 


(18) 


(2)/jN-y-^o.: 










(gE$USE5V##) 


N5fc(SN) 


EBAKI P LAS RD B Yl R FFBVX 


(19) 


SI 


BFSXAAEFARBAEHXDNALK 


(20) 


S4 


SPLASRDBYBRFFEVXR(R)LM 


(21) 


S5 


TYATAR P FY WTE KP PV V ETP 


(22) 


S6 


SPLASRDEYERFFBVSRRLM 


(23) 



1) X:*|5]3£<Z>7S/& 



15 2) ( ) :*mi£0)7*;M 
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(1) DNAtyiv-©^ 

DNAi/i^-fel^-f If— ^3 9 2 AX) 

=f^i7 K*2 8 %T y^-T^cTC P G^K 1> -v — feW- (CPG : c o n t 

rolled pore glass) j&»fc«t|fcU 6 0 °CX' 9 mffllMl& LX± 
«MSr^Lfc« KRJ£«»a»feiB«MgPTTttM*U MS: 2 o o » l 
©TElif?S [1 OmM Tris-HCl (pH7. 4), 1 mM EDTA] 

g2 PCRffl^-fV— £LT^I*S*lfcSIJDH;te1«f^vM»5* 





MK9J 1 ' 




L4-F 2) 


GGN GCN GAY CAR TTY MG 


(24) 


L4— R 2) 


CK RAA YTG RTC NGC NCC 


(25) 


L5-F 


CAY CCN GAR GTN TAY TA 


(26) 


L5— R 


TA RTA NAC YTC NGG RTG 


(27) 


L6— F 


GAR GAR CAR ATH CGN TA 


(28) 




GAR GAR CAR ATH AGR TA 


(29) 


L6— R 


TA NCG DAT YTG YTC YTC 


(30) 




TA YCT DAT YTG YTC YTC 


(31) 


L7-F 


ACN GAY CCN CAR TGG AC 


(32) 


L7-R 


GT CCA YTG NGG RTC NGT 


(33) 


LN-F 


GAY GTB GTV ATH GTB GG 


(34) 



15 1> M:A£t-|±C, R:G*fcl±A. Y:T*fcliC, K:G*fcttT. V:A.-G*fcttC 

H: A, C£fcl£T, D: A, G£fcl£T, B:G, C£fcl*T, N: A, C, G*fcttT 
2) L4-F(R) (±^1 <7)L4(7)T5>'M5IJ(r^JS-r«>ffiSiB5«J^-r-S7*— 7— K 
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(2) PCRSJ5 

ar*ci/yis^ I F03 2 5 4tfc|£&c£»7V 5 ^^DNA5rg|M^i-S PCRRjg 
$:fTofc 0 gJSil® [PCRH®f£*, y;?.^DNA18 0ng, T 0 ^^ 
5 — =&2. 5pmo 1, dNTP#200 /zMiJSjlU'T a qDNA^U p< 7— if (s< 

A/f Kt-^DT^- (^fVVHB-TRl ;/MVWKtfc, -f^y*) 
ir-^fU lt^^^:9 5t, 0. 5#P*U (SEtt), 5 5t, 1#W(T=— !J 
y/) *5<fcTJ*7 2t, 2#RS1 a>ib&5PCRKJfo&3 
10 fc„ -r-<T(OjS^-a'^-fr^> c f'C > LN-FH4-R^7-T-7-5:^>fcPC 
R5tfr'^2. 0%T#n— ^V^mMMmS-Zb. l«j50 0 bp©1tS^i| 

A^ffl^TDNAlrfr^ilLfc. #feti/tDNAt p GEM-T (z?v*m±) 
SrT 4 DNA y iS— 1f(^Sii)$r/BV-'Tilii£UManiatis 6> [Molecular Cloning, 
15 2nd ed. , Vol. 1, Cold Spring Harbor Laboratory Press, 1989, USA] {rfE^O 

^Ki1£o-cKigil£4fe-?£. coy/ dhi 0BM^Lfc D flft&Jl*R& 

#©lo^bMS^7^5 Kp S LD- 1 ^#LT^JIS^-^^t°V^iCct 
"Jtm^IS^ «fe^T^ADNAroME?lJ^^L7c 0 S^DNA 
tt531bp (IE^J*ia^]^2^ i£X#^2 4-5 5 4lc1fij) a><b&<9, 
20 3' RIP 5' 5|5iSiW4PCR-efflV>fc^ , 7-f ^— ©EW^av^Sixfeo $ 

(3) ^-f^^y^V (DIG) ^tf>^$£ 

p S LD- l^Sphl $5«fcI5P s t I (-yzK^v 5 — ^) "CrH-fbU 0. 5% 
25 T#n— *^/MtftflcttK.fc!>>f ^if"— hDNA^^01XL/Co fcMxfcDN 
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0t£0!|4 ^3;/<^r^ - • ^J/^* I F03 2 5 4 CODN A 7<{ Zf=7 V 

(1) M*DNA7^^y-©ii! 

>T)\,ziJ ? — I FO 3 2 5 4tt©->y^3P=- £ v 2% 

^/U=i-^, l%^y^rh^*5j;U«0. 5%^ttfflfea>ib&5itite (8 Om 
1 ) *T*3 7t, 2 4^W#«bfe„ ®l^Ti, ftft&frb (4, 6 0 0 r p 
m, 1 0 9rW) X <9 U 2 m 1 izmM Lfc D SESAffiS: STE 

*gW?^ [2 0%X^ a— ^, 5 0mM Tris-HCl (pH8), 1 mM E 
DT A] 2ml-Ctl?U y/f-A3mgtS^LT3 7^, 3 0^^ 
a.'*— h Lfc 0 i^/U=f v'/Hgi&C 1 %y $ a^f/W^A^=t^U— h, 10 0 mM E 
DT A (pH9. 0)] 5 0ml *5 -)-— i?K (UMl 00^ g/m 

i ) &mto 5 cct- i . 5 b*ish h tfc. mt-t 

v"7-k 1 1 g*5J:V5mg/m 1 ^v ? '7 J»rfn % K0. 6ml SrKiB-g-ift^* 
HL, 2CC, 5 0, 0 0 0 r pmf 1 5«fR|j8iS^Lfc. Jfefe#DNASr^f 
i"S»^*¥BtL,Mfttt*ia5Bi — f V^o fcVUT/l^— ^T2[E]ffi#LfcgL 
TEii?$2LT*4^IffUc 0 tta*f»Sr7*y— yl^2 Om'I "CtttfiL, 2 
LOTE««iS-C2|Hia«f UT0fa©8!!fe*fEDNA*iK (20ml, 56/ig/ 
ml) Sr#fc„ iMDNA?rS a u 3 A I T?Sii«L, H?>tlfc77^ 
^ H4:'>3»M4gEJc-c^(iU 8~2 0 k b pWX^^bi:t5 77^ 
y^h&Bt&U 7A^7r-^^-EMBL-3 * 3tf*fc) OB am 

HI«|i^P-=y^Lfc 0 *Ji§SLE3 9 2^Itt5^-<^-fiS' 
^iC«fc £> 7^7*7y-©t-fX|j:l . 5X1 0 s ? n — VCfco/Cn 

(2) ^-^^^iJ^f-yay 

sPteH^blBKi: LT£". c o 7 / NM 5 3 8 #£fc) £fflV^C7^ 

^7r- ^T 0 ^— ^C0fli!i*3 < tU5^7 P 7— Fot;l'n-77^^-i^ 
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(Dffifeit&s Maniatis [Molecular Cloning, 2nd ed. , Vol. 1, Cold Spring 
Harbor Laboratory Press, 1989, USA']^mm<D^m\^%'oXmMLtc 0 7 2* ft) 

0. 2%$i/lhffiT/l'7'%>, 0. 0 2%/if y f =yl^t°n y K>, 0. 02%7 
5 jzi—A>, 5XSSC, 0. 1%SDS, 5 0 n z/m 1 trffi^DN A) "fT* 

4 2t, 4 8$^ydfa^-hU DIG7^;Hb/o-y (53 1 bp, 5 0 
ng/ml) &£&|P]Sfl^'PT4 2t;K:T 1 8I$|RU 0 5 % S D S & 

ttf2XSSCf < 4 2t:-C-r ^^ra.-<— h LTi§PJ07°o— ^Srl^*LfCo HE 

10 U S^{-5<@WxK^7 1 ^^'i5' n — 
(3) ttV^oyT^y^ 

n— > (#1) ^t>77- v^DNA^rJfitU t, BamHItSa 
1 I (-^jK^v?— » -C^HbLTO. 8%T#n-^/wm^**t&i-t£Lfc 0 

15 air/UP— — .hie 1^7^77- L, ±IB<z>D I G^^-Mtrfn— 

^rfflV^Tf-b-'vyo 5. hSrfrojt 0 -^i^m, #*J 1 k b p ODNA77^ > h 
tf*D I G7'</Hb7 s p-7'i;M7'!) ^XLfc 0 
3IJ£#'J 5 S L D Hite^O D N AMWAffi 
(1) y2^^Z77—'J (#1) DNA"> — ^^^ffl07°7^ 5 K<7>#SH 

20 7A^77-i^ (#1) <7)DNA$rSlJPS^B a mH I *5iU«S a 1 I "CiH^k 

U B amH I/B amH I (4. 4kb), B a raH I/Sa 1 I (l . Okb) 
te&XfS a 1 I/Sa II (1. 3kb) ®r>i-£:#fc 0 b©D N A& p U C 
18/1 ateL-fcti^jT/tf-^n-- =y^LTp SLD-4, pS L D - 2 *J «fc 
pSLD-3^#t„ p S LD-4te££>|£H i n dill T&SLT 1. 3kb 

25 <7M VI;-- hDNAKfrtf |5MHi- P U C 1 8 / 1 9 \^7<7 u — - VjTLT 

p S LD- 5&f£S!{L;/c 0 
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(2) DN ABE^lJ&tf 

^SDNA (pSLD-5, pSLD-2*3J:UtpSLD-3) <£»DNAffi?lJ 
##f£v 3 7 0A DNAi/-^xyf- (Tzfy^i ^■•>^f^X) 

^Zfy^^r— (New England Biolabs, USA) £rffll^T % 







(iB5iJSiB5U##) 


SL-1 


TATCTGCATACGACC 


(35) 


SL-2 


GAAGTCATGATGGGC 


(36) 


SL— 3 


TGCATACGACCGGACC 


(37) 


SL-4 


TTGGCACTCTCAATGC 


(38) 


SL-5 


TCTGGGCATTCCTCACCC 


(39) 


SL-6 


CGGTGTGATGGGAGC 


(40) 


SL-7 


GACGACTGTCTGACCC 


(41) 


SL-8 


CCAAG G CCATG ATG CG 


(42) 


SL-9 


CGAGCACCTAATTCC 


(43) 


SL-10 


CTGATCATCATTGCG 


(44) 


SL-1 1 


CCGATGAGAGGATGG 


(45) 


SL-12 


ATTCGGTCGTTGACG 


(46) 


SL— 13 


GCTGTTGAACATAGC 


(47) 


SL-14 


CTGCATTGAGAGAGTGC 


(48) 



/ft 3 7 8 0 b pWigSSE^J^^LAc^, 2f@<Z>ORF2SjiA^c:$*l/fc 0 S 
SJCOORF (ORF1 ; |£^mia^J#^-7cf', ^S#-^-6 8 1 ~1 2 7 4) fi 5 
9 4b pfrhte*), S LDHOWas? h©N5feSB*J XlfftWUftT 5 7 & 
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(1 9 77?yS ; E9IJ*E5U##3) «: = — KL-TV'^Sifcasa-^ofc. 2# 
|©ORF (ORF 2 ; Efl|*e?»l#-§-7(f\ H§f 1 2 9 3~2 9 3 0) 12 
1 6 3 8 b p*»fe*9, y h [5 4 57?y|S ^Srg- 

ts) ; E8l*ffiai#3- l ] *r = —KL-CV\fc 0 ORF2©il»Kf h^o- 

(3) 7A^77-^ (#1) DNA^-^xy7ffl©7°7^$ KOfl 
trt, m<D#i?7-j7'?v~-l' (#7) i^PHl:LT7AyDNAt:ttlii 

U wODNA^ S a 1 I iH-ffcLT 4. 0 k b p*J iV7. 6 k b p CD S a 1 I 
10 /Sail WrJi-«r$§;fco if*pHSG2 9 8 m^&p B l u e S c r i p 
tllKS (+) fc-fcjveivtf-^ ry/LT, p SD3 7RjoiVpBL7 
S a 1 7£r#fc dB2H). 

(4) DNA|fi?IJ##f 

ilDNA (p SD 3 7 R&cfct^p B L 7 S a 1 7) fflDN AEJ!|#ffi«:. 3 
15 7 0A DNA'> — ^^>"f" — (77*7 / l' K'M ^"^t^X) SrfflV^T^r 

— ^ m ^ > ^ =y J — X' h £ — -9-A>zf 9 — & J: "0* y ~? 7 
-^r— (New England Biolabs, USA) trffl^T, MW<D\y 

20 TSfe^ffSrtTofc. 



^4 =j^-?7— i>#7-T>-9— HDNAOV— $X>*Jfl^-f"7— 



SLY— 1 GTACCTGCGTACAGGC 

SLY— 2 GTTGCCAGATCAGCGG 

SLY— 3 CTCCGAATAGGCCGTG 

SLY-4 TGATCGCACGACGAATG 

SLY -5 GTGCACCGACTACTGC 



(49) 3666-3681 

(50) 2817-2832 

(51) 3273-3288 (R) 2 ' 

(52) 4065-4081 

(53) 4009-4024 (R) 
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SLY- 


6 


GCAGTAGTCGGTGCAC 


(54) 


4009-4024 (R) 


SLY- 


7 


ACAGCACATCTTAGGTTC 


(55) 


180-197 


SLY- 


8 


CAACGAACTTGCGAGAG 


(56) 


1364-1380 


SLY- 


9 


GATCGCGTGGAGATCC 


(57) 


3759-3774 (R) 


SLY- 


10 


CACGGCCTATTCGGAG 


(58) 


3273-3288 (R) 


SLY- 


11 


GTTCATGAACACGCAGG 


(59) 


4692-4708 


SLY— 


12 


CGAAGAATGGCOATACC 


(60) 


4641-4657 (R) 


SLY- 


13 


TGGATTCGTGACGGGC 


(61) 


5149-5164 (R) 


SLY - 


14 


CCGATGAAGGAAGTACC 


(62) 


1806-1822 


SLY- 


15 


CTTCCGCATGATTGACC 


(63) 


2000-201 6 (R) 



MIS?UOft?*f K£t>, 3#|©ORF (ORF3 ; ia»ga?ij#-5|- 7 4> , M. 
if^29 2 3~4 3 5 9) tt 1 4 3 7 b p frbtt V . ^* h ^ o — A c fficDtf V 
-i^F [4 7 8T5y^;ia^iB?iJ#^-5] Sr=i— KLT^5it^Wbi> 
i:^ofc 0 ORF 3©*SE?«J33J:V"?:*b^ = — K£*t57 5 / BMEfllfco^T* 
7=— ^-<— ^. (GenBank, SWISS-PROT) it^^o^-tf I 
fc^m, ^Sgfl^JIc^-c^/i^y^^ — • iJ-y^^v* I FO 1 2 5 2 
8l$Ei33fE^ D— Ac - 5 5 3itfc^£ 5 1 . 6%, T 5 yftEJW £331/^X7 

M, c -y Y wiWW i:3 6. 2%<D**n^— ~ ,h^¥iJ9!Lfc 0 £ 

^lC*JV>T»&*tbTV^S3*0f©^^'S , 8Bffi= l ^-fe>1^^E5»l Cys Xaa Xaa 

cysHis (ia?ij*ia?ij#-^ 1 1) as##$ft-cv^ (8£3aj^ga?ij#-§-5tK r;y 

^#■§•5 0-5 4, 1 9 7~201fcJ:a ! 3 40~344) o 

ttoRFi <o iMnmsgm rnvmrnm^ 7 1 ~ e s 0 ) 

<DMVf ©*S*. O R F 1 ©Fl^= Ky<t 9>&10~20bpl5 t*±»St- S D@2?IJ 
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13 0b p\^t'±m<Dm.mM^i c Pi^m.^^^r— 9— CD- 3 5M*3«fctf- 1 0 

fil5~50b pi5^T^f-J®»liacD$gW^^^/HiifcJitTE^n5ga 
^iJ^aai^n^o Lfc^oT, 7A^7r-^# 7©^yf - hDNAtt, SL 

10 as SLDHite^F^O)^fifc 







fc»tt<bp)° 


7$m& 








594 


1 97» 


22, 274 3) 






471 


156 


17. 670 




1. 


638 


545" 


60. 076 3> 




1. 


437 


478 2) 


51. 096 3) 



15 mi&m6 xm&tp-ens ldhjus^^s. 
(i) -<z>#t6 

^Jg^J5{^TP®lL^cp SD3 7 R&S a 1 I H i n d I I I TlKHfcU 2. 
4 k bOWrfi-SrlWiUfc. pBL7Sa 1 7^Sa 1 IiBamHIIfS 

jfc U 2 . 4 k b coW^^mgi Ufeo WWr^"*, fftHindl I ItBamH 
20 I«LfcpUC18©2. 8kb»fri:5^y-'>ay$*TSLDH04 

itfc^fg^-- y h Sr£tHS5»-** ^pSLDH3 (^±©fl©l^ 
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(2) JBKte»£Jxfc*»Soi&* 

(1) Tf»bixfc^Jt*5*fr (£"- co// DHl OB/ pSLDH3) <D 
■>y^ao=-^ 10 0ml <DL-Ampi%m [ 1 h hV^b^ (t=V 

5 737#7MJ-X), 0. 5%g£#tttH$>, 0. 5%^b-7" h y !>A*JJ:TJ«5 0 
pg/ml7yfv'J)y (pH7. 2)] teWU 3 7"Cfl 8W#Lfc„ 
# btbfc^*^)*^ 5 m 1 &b 9, 5 0 0ml OL-Amp^I(^U 3 7t 
T* 7 mffligm Lfc„ 6 , 0 0 O r p m-C 1 0 £ffliS'k \,XMft$:Wm 

Ltz 0 ibHfci^O. 8 5%^7KT-Sfe^-L, 1 0 mMltftttWffi (pH5. 
10 0) 2 0mll«LT, 3 O^Pg-C^-l^otfaMW^a^m^M 

£ifc*fcLfc 0 #fe;ftfcfflja««W8tS: 10, OOOrp mjCT 1 0 ^it^LT±?f 

(3) #Bj 

(2) T#kfr/ciiWM#±tf 1 2. 5m 14:3 2, 0 00 r pmlCTl^ 

riton X-10 0, 0. 1 M KC 1 , 0. 1M D — y/Hfh — A-Srl^ 
tf 1 0 mMSti&HHtfK ( p H 5 . 0 )] 5ml (CM U TfC^TT? 2 5 L 

fc 0 3 2, 0 0 0 r p miZX 1 B#F^iI>k LT±ff £|h]J|X U rRp5#j 

t Lfc„ 

20 ( 4 ) S L D Hfgfi^iS'J^ 

SLDH?£t£f±. Agirc. Biol. Chem. , 46: 135-141 (1982) jo it/ 5 Methods in 
Enzymology, Vol. V, 287-291 (1962) jC|E^$Hfc^r^{'2i CTWJg Lfc. i"4 
t>^, 1 0 OmM K 3 [F e (CN) 8 ]0. 1 m 1 iSXXfO. 1 % Triton 
X-100 Sr^tpMc 1 1 v a i nttffift (0. lM^x>lf, 0. 2M N a 2 

25 HPO, , pH4. 5) 0. 5ml, 1M D-y/l'f I /U 0 . lmlfcttf 
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0. 3ml^fPU 2 5W>*a^- h LtZo dZ^^X\ ferric-D 
upano 1^1 [FeSO, - nHjOl. 25g, SDSO. 7 5 g&£X$V 
>m2 3. 7 5m 2 5 Om HZ. Ltcmm 0. 5ml ilg 

*3. 5ml£2nix., 6 6 0 n mK&tt-SeRft^&ffiO^Lfc,, MMt LTpUC 

5 i a-emmm&zfrttffimvii 1 o BcDmm^mmicinimLxmhfi^^m 
fr&m\>^tL B fcfc. i#p«ii£ i u mo i ©D-y/Pbr h— ^mit-t^mmm^ 

l^yhi; bfco a'J^5gm^^ 6 ir^i- 0 g^t«lDH lOB/p 
S LDH 3 (Dmj&nmftizmil'^S LDHm&tmtii&frtZo 

10 £6 SLX)H(7)±iie?-|e^J-ll^h$^t;^g|£^tt:^^a) 









J±j5tt ( U/mg) 


pUC18 




43 


51 




ifflJ!S&#;£(ioo 0 cijnif&) 


5. 6 


6. 7 






26 


58 






O. 93 


ND" 


SLDH3 




1300 


51 




$fflHa5SJ*5«(100 0 CiJDfl&) 


30 


1500 






340 


lOOO 






3. 7 


ND 



15 *38W©SLDH«:3-Kt5afi J PIIS:*tfjBgi'<^i'--CL-yA'Jl?-^ 

flc©— aa>J#**f^ic: iot, D-y/n^h — ^a* ?,2Klga £$f i^otcS 



20 
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ie^ij y * h cd 7 y — -r * ;* h 

IB#l#-5§- : 8 
SH^J§^- : 9 

5 D - y A*}? h — /Wt* t K n — tffiO/Mh ^^fCON 7fejffiifl^lJ 0 

ffi*U#-§- : 1 O 

m?m%- 1 1 

10 #£«fc« : (0... (5) 

: (2) 

ffi^cor^: y®E 0 

#£&g : (3) 

15 &m<DT^;m 0 

ga^'J#-§- : 1 2 

m?m%- 1 3 

20 mm%- : 1 9 

m&m%- .20 

W&GlW. : (4) 
25 ?F£&^ : (15) 
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BE#J#-§- : 2 1 

m^m-^r : 2 4 
#£&g : (3) 

A, G, TXHCo 
#«E<ft» : (6) 

A, G, TXI*C 0 

EM#f : 2 5 
#«E{£« : (12) 

A, G, TXI1C, 
#3E{£g : (15) 

A, G, TXI1C. 

D-y;vt'h-;l/ft Koyt-^0*t7'a=y h£=>— Ki~-5 DN AtfJgp 

a-** Kis?ijsriiti-rsfcfe(^y^<-^^v-r^— t Lti< «t 5 t^^rf+ 
e*j## : 2 6 

: (6) 

A, G, TXliC, 

: (12) 
A, G, TXttC„ 
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mmm^ 2 7 

#£{4g : (6) 

A, G, TXttCo 
#£ffi(E : (12) 
5 A, G, TXI4C 0 

BE*nj#^§- : 2 8 
10 #«E(4I : (15) 

A, G, TXIiC. 

15 IfiJiJ*^- : 2 9 

u^-^ Kpa?iJ^liifiI-rSfc»c07^- — !7— K7°7^r-^— i: LTfK <£ b 5- 

ifi?lJ#-§- : 3 0 
20 : (3) 

A, G, TXliC, 

D-y/Hf h-/vft Kn^t- J \£<Dtt-7=i-—?f — Ki~5 DNA<£>g|5 
^5?^ Kffi?'J£lf GrT -5 y^— T^zfy-i^— t LT§K J: 

25 ejus* : 3 1 
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WM&W : 3 2 
#&&g : (3) 
5 A, G, TXttCo 

: (9) 

A, G, TXliC, 

10 ^n-snfc^-y k„ 

K?iJ#-§- : 3 3 
#£ffifi = (9) 

A, G, TXIiC„ 
#&fiE : (15) 
15 A, G, TXnC 0 

EflJ#-§- : 3 4 

E*J## : 3 5 

7A^7r-i?# l yf - hDNA©'>-^xyxffl7°7-i'-7-i: ttH 
25 < J: 9 fcKSh $ toft* V=*X9 K 0 
gE?U#-S§- :36 
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<<t9 team $ n^^- y ^ * k. 

IB?«#-§- : 3 7 

5 < «t ? $ ttfe^- y 9 Ko 
e*u## : 3 8 

IB?IJ#-§- : 3 9 

10 7^77-'^# 1 <£>-T >"t>— hDNA©'>-^iy7ffl7'7^v-i Lti 

sa?u#^- : 4 0 

< «£ b \z.m\ siifc* y * t-^f - Ko 

15 E^ltf : 4 1 

7A^77-v ? # 1 <£>-Y FDNA©V-^xy7>i7 p 7^-7-i: Lti 

< «fc •? i-SSti-$nfci^-y * Ko 
IE*IJ#-§- : 4 2 

^J*?-??— i/# 1 ^yf-hDNA©'>-^xv^ffi7°7>i'v- ( !; Lti 

20 < £ 9 i-ia:it $ ixfc* y =*J* * U*^- K 0 

E7U## : 4 3 

7^7r-i/# 1 (D^^y— FDNAOv'-^xi/7ffi7°7 / f — t Ltfl 

< «fc 9 fcRtt $ ixfcd- y =f* * K 0 

R^ll*^ : 4 4 

25 7A^77-^# 1 CD-Olf-— hDNA©i/-^x^ffi7-7^-7-i: LTii 

< £ ? legist £*xrc*- y * Ko 
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&m&%r : 4 5 

< £ o {z.Wt&Ztitt}) =fj* ^ is**? K 0 
SB^IS^ : 4 6 

ga?ij#-5§- : 4 7 

10 ga^lJS^- : 4 8 

Ifi3?<J#-5§- : 4 9 

15 <£5\z&tt£inti*V=rx?i'*?-K 
Ba?iJ#-§- : 5 0 

sa?u#^§- : 5 1 

BE?IJ#-§- : 5 2 

7A/77-^# 7©-f hDNAWv'-^i^f7'7'f-7-t LTi 

<i? i-^tf^Hfe^-y rf^^ Ko 

25 g£?!J#^§- : 5 3 

7^/77-y#7©-^yf-FDNA(Z)v'-^xV7vffl/7^-7-i: LTi 
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IB?IJ#^- : 5 4 

5 IE?U#-§- : 5 5 

< J; p fclRff $*xfc*- y =r* ^ Ko 
S2?IJ#-^ : 5 6 

10 < £oizmmsthtz*y 

SjyiJ*# : 5 7 

< «fc 5 fcNW $ titi* V^r^f Ko 
ga^JS^- : 5 8 

< J: o KSMH- v*** Ko 

EJU#-^ : 5 9 

< J: 5 KKti-Sixfc:*- Ko 
20 : 6 0 

< JcRfh^ixfc^-y * Ko 

e*!l#-§- : 6 1 

7i?'77-i 7 # 7©^Vt-hDNA«v'-^x>'^7°7-l'-7-i LTflgl 
25 < cfc 9 JORff- iSfrtt V =^3? * t^f" Ko 

e*u#* : 6 2 
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m^m^r : 6 3 

^ffi^liB*IB-em^^H/t¥fi5c9^#rF^2 8 5 2 8 0 ^-^rSC^i: Itfc 
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it * <d m m 

1. TfE<OttHS:*i-5#y^^K, 

(1) :|*)62kDa (SDS-PAGE), |)60kDa (7 5 7 ^SB^JfJlg^K 

Hffi) 

5 (2) N^^MCOT 5 /^WLfU* Ser Ser Ser Asn Ser Leu Ser Ala Asp Val Val He 

Val Gly Ser Gly Val Ala Gly Ala ^fctiggT 5 S&B&Hz.&^X 1 fife L < (i 

M©7 $ yBftjfts^ffes lit) L< ttftin £*tfc7 s y tfeEJU-esfes 

(3) TIEcottM^rWi" 5 # y K fc Sr^fifc LTD — y/Ufcf ) — /u£r L 

10 (a) #^fi :^20kDa (SDS-PAGE) , 1 8 k D a (7§; HEW i-Ss^ < If 

Hit) 

(b) N5fcS!&ifl!|(E>T 5 S&SlM1fi Glu Glu Ala Lys Ser Pro Leu Ala Ser Arg Asp Glu 
Tyr Glu Arg Phe Phe Glu Val Ser £fcf4^7 5 /SfcfeyjK&I^T 1 iSt> L< fit 

15 2. TE^ttR&W^Stfy^T^K. 

(1) #^4 :»20kDa (SDS-PAGE), 1 8 k D a (7 5 / mMS.Fl IdS^ < If 
*«) 

(2) N3fc#g{JUj<Z)7 5 /KEJUiS Glu Glu Ala Lys Ser Pro Leu Ala Ser Arg Asp Glu 
Tyr Glu Arg Phe Phe Glu Val Ser £fcfi^7 5 J IfcEyiJlcasV^T 1 mt> L < 14 

(3) Tta©teSC&*r*- 5 # y k t H-a-ft LtD-y/nrh -/v* l 

(a) #^fi :fi62kDa (SDS-PAGE) , «60kDa (7 57 < W" 

JHff) 

25 (b) N5fcS£fI!)<£>7 5 /Kffi^JjJ 5 Ser Ser Ser Asn Ser Leu Ser Ala Asp Val Val He 

Val Gly Ser Gly Val Ala Gly Ala *fctt^7 5 J ^gaJ'Jt-fe^T 1 flt> L< 
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3. Tia^«*w-rs^y^^K 0 

(1) 3- V? n— Acffitt^rttS 

(2) ^T-l: : #J 5 1 k D a (T 5 7 S8Efllfc£-5< ti"^fit) 

5 (3) NmtQM<DT 5 7 tt£^J^ Met Arg Glu Gly Asn Lys Ala Gly lie Arg Arg Leu 

Phe Leu Pro Ala Ala lie Ala Ser tLti\SMT 5 J ®eiB?IJU::f3V'>T 1 Bi> L < ft 

M^^Afe^SBffia^-fe^^EJU (Cys Xaa Xaa Cys His ) £#tr 

4 . ffjVTJi / /<>; # — • (GJuconobacter oxydans) I F O 3 2 5 4 

10 & 5 »#a>*£iB i ~ 3 <bv vnxa»©stf y k d 

5 . m^0!>«fiBB i u ^^f- k*j «ttrw*©«sia 2 y k&^-c* 
«9» D-y/vfc*h-^L-y/v^-^{r^i-5SJ^^«!fe^b#5^-y 

15 161, 

7. KTotoxttCWotfy^i/^K. 

(a) E?!l*E5tI## l (c^ $ tu5 T $ y WEMfr fe & 5 # y K 

(b) Sa»ifi^J#-§-l l^$^57 § y|ftE?!Uc*5V^ 1^L< tt«kfi<OT $ y 

20 (d) ©^y^^^-Ki ttlCD-yyUfh— /VSrL-y/l^^— ^iC^^fSKJCS 
Sr«j«EL»S^-y SI 5 ; i 1 5 # U ^ K 

(c) ga^iJ*i£^J#-§- 3 $ T 5 7 tn 5 # V K 

(d) t^^sr ^ /Ksaifciav^-c 1 < \zmm<DT k y 

B&£ L < »4f+JP $ fitzT * y K££ia> * 5 # y ^7°^ K 
25 8. £JlTO(a)X«(b)<0^y-<y 0 ^Ko 

(a) 3 5 y tt£ai#> e> * s # y K 
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(b) ia?ij*ia^ij#^- 3 $ tvs r 5 y &@e?u m&^t i ^ l < #i&©<7> r 5 y 

5 (c) e#j*fifli##- 1 1-^ £ r 5 y hew a» e> * s # y k 

(d) ia^ij*ia^j#-§- 1 [r^n-srs ygffi^Ji-^-c i3&u< te$d@<z)T5 y 

9. WT^(a)X»±(b)CD7Ky^^Ko 

(a) ib?i]*e#j#-8- 5 ^ ^ t 5 y &gs?ija> e> * s # y k 
10 <b) ia?ii*ia?u#-^5 i^^ixST^ /®aa*iJic*5v>T i^l< fixators y 

stt&w-rs # y k 

15 li. ff^ro$ES7(D7Ky-<7 0 ^K*3J;IJ ^ l»*:^Ia8(D/-ify-<^K^^T- 

1 2. ^bicfg^^lfflS^^y^^ KS^-^^-e^SfS^©®iffll l©*!)^ 

20 1 3. st^<Z>®S8<DJKy^y°^ K* = — Kt5DNA„ 

1 4. aT^>(a)*fc{i(b)<7>DNA-efc5ff*«Z)tEffi 1 3CDNA. 

(a) E?imE?U#* 2 $ HSiSgE^Jd* ?)42>DNA 

(b) ia^ij*ia?u#-§-2i^$n5JSSi£?iJ^e>^5DNAi:^ h y hfc 
25 i 5. it^ojsias^^y^y 0 ^- k^=>— K-t^DNAo 

1 6. J^T^(a)'*fc{i(b)cr)DNA-Cfc5if5|t<^$Eiai 5£>DNA D 
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(a) mmmmpm%-4\zfjk£M!&mgiwp)&mm^i 24-591 T^sns 

(b) ±12(a) ©DNAir^MJy^iyhWTW7'yy'fXL#5DNA 
1 7. WT^(a)£fcte(b)<^DNA-e&5ff5fc<£Ml 60DNA. 

5 (a) £$IJ«£?(l#-g-4. t^£*L3:&gK?!|*J£g#-§-l - 5 9 1 T^$H-5M 

(b) jiiE(a) ©jMSEwicfev^-c i « l < t±ikm<Dmm&2:£;. m&m l < iitt*n 

$ nfcmSiE^lJ/i^ <b ft 5 D N A 

1 8. IfjR^ISl OOsK!;^^ KSr =>— K-T 5 DNAo 

10 19. WTC0(a)*fc(*(b)cr>DNAT-fo5l»5}tC0®iai 8<7>DNA 0 

(a) mpimm?m%- 6 $ j£Sia*ija> ^sdna 

(b) I£^J«i£^J#-§-6{C^$ix5«ia^Jd^*5DNAi:^ h V ^sVh* 
^f^X'^-r ^y^XLf^DNA 

2 0. ^=>y^^^-jg{c:m-r5^@*^-c-fcSIS*<^tQffii 3-1 9Wf 

15 fhfr<DDNA B 

2 1. ^T<^(a)*fcJ±(b)CDDNA^>^/jiS^'a^~ ^-ite^c 

(a) SS*U*E#l#-§- 7 $ tbSmSia^J^S^-^- 1-6 8 0 $ *L5ig£ 
Sd^lJd^^SDNA 

(b) ±is (a) ©jftSEandts^r 1 3g= l < g&5g= l < nnm 

20 $Hfc^Sia^iJ^^^ l 9,E.o^[^{c:jo^T7 p a^--^--^^W-rSDNA 0 
2 2. JgidJS-t"5^fl@**-Cfc5lt*^OT2 1 O^nt- * 

-ate*. 

2 3. If*^>f£iai 3 — 2 O^V^-fttd^DNA^tfia^X.-^^^— o 
2 4. If* (D$5|S 1 3(DDNA*5J:U?ft*^$affl 1 5 tf> D N A Sr^^ir^tflg 
25 §^<^*- 0 

2 5. $e>fc»#<DttHl 8CODNA$r#^{C-^tPtS*^$5ffl2 4 <E»3g§l^ 
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2 7. Mjfc£>$£ffll 3C0DNAjoJ;tJ«It*W$Sia 1 SflJDNAi^B*-^- 

2 9. i>R^i2 3-2 s<D\,^fofr<D^? ?~^mi&mfc&mnu&^xn 

3 0. M^JMfla^L-y/^— *&2-^ h-L-^n>ii;^t5i^l: 
3 1 . ft #<D&BI 2 4 , 2 5, 2 7*fri±2 8(^)V^ix^CD^m-^^^-T^S 

3 2. ft*60^H2 4, 2 5, 2 7 £fcfi2 8 COV ^tW^CT}^^^ 9 — 

3 3 . WM<DmS 2 4 , 2 5, 2 7^fc«2 8COV^^d^^^.^<^^-t?^S 

«s« $ L - y /M?-* &• 2 - >r V - L - ? a 5 aM^J £ W"T 5 1g 



1/3 
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CH 2 OH 

H-C-OH C=0 
HO-C-H HO-C-H 



I 



H-C-OH sijdh H-C-OH 
H-C-OH (JKifft) HO-C-H 



i 



CH 2 OH CH 2 OH 



CHO COOH 
i i 

c=o c=o 

HO-C-H ^ HO-C-H 

H-C-OH H-C-OH 

HO-C-H HO-C-H 
CH 2 OH CH 2 OH 



0=C~i 
HO-C I 

ii o 

HO-C | 
H-C— ' 
HO-C-H 
CH 2 OH 
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Sail 




Hiridlll 



BamHI 

i) Sail, Bindlimto 
ii) 2.4 kb m*<D*M 



BamHI 



BamHI 

i) Sail, Bammit 
ii) 2.4 kbmfr(D3£M 



HindUl/BaaRim^tLIt 



Hindlll SacI 




Hindi PstI 
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SPECIMEN SEQUENCE LISTING 
<110> Fujisawa Pharmaceutical Co., Ltd. 

<120> D-sorbitol Dehydrogenase, Gene thereof and Use thereof 

<130> 09280 

<150> JP 9-285280 
<151> 1997-10-17 

<164> 63 

<210> 1 
<211> 544 
<212> PRT 

<213> Gluconobacter oxydans 
<400> 1 

Ser Ser Ser Asn Ser Leu Ser Ala Asp Val Val He Val Gly Ser Gly 

15 10 15 

Val Ala Gly Ala Ser He Ala Asn Glu Leu Ala Arg Ala Gly Leu Ser 

20 25 30 

Val He Val Leu Glu Ala Gly Pro Arg He Asp Arg Gin His He Leu 

35 40 45 

Glu Asn Phe Arg Thr Thr Glu Asn Lys Gly Ala Tyr Gin Leu Pro Tyr 

50 55 60 

Pro Pro Val Pro Trp Ala Met His Pro Pro Asp Gin Gly Ser Pro Asn 
65 70 75 80 

Gly Tyr Leu His Thr Thr Gly Pro Asp Gly Ala Ala Tyr Gin Gin Gly 

85 90 95 

Tyr Leu Arg Val Val Gly Gly Thr Thr Trp His Trp Ala Gly Cys Ala 

100 105 110 

Trp Arg Tyr Leu Pro Ser Asp Phe Glu Leu His Ser Arg Tyr Gly Val 

115 120 125 

Gly Arg Asp Trp Ala He Lys Tyr Asp Asp Leu Glu Pro Phe Tyr Tyr 

130 135 140 

Gin Ala Glu Val Met Met Gly. Val Ala Gly Pro Asn Met Asp Val Asp 
145 150 155 160 

Asp Leu Gly Ser Pro Arg Ser His Asn Tyr Pro Met Lys Glu Val Pro 

165 170 175 

Leu Ser Tyr Gly Ala Asp Gin Phe Arg Lys Leu He His Glu Lys Thr 

180 185 190 

Asn Tyr Arg Val Val His Glu Pro Gin Ala Arg Asn Thr Arg Pro Tyr 
195 200 205 
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Asp Lys Arg Pro Thr Cys Glu Gly Asn Asn Asn Cys Met Pro lie Cys 

210 215 220 

Pro He Gly Ala Met Tyr Asn Gly He His Ser Val Asn His Ala Glu 
225 230 235 240 

Ala Ala Gly Ala Arg He He Pro Asn Ala Val Val Tyr Arg Leu Glu 

245 250 255 

Thr Asp Ala Ser Asn Lys Lys Val Val Pro Val Asn Tyr Tyr Asp Pro 

260 265 270 

Asp Lys Asn Ser His Arg Val Thr Gly Lys Phe Phe Val Val Ala Ala 

275 280 285 

His Cys lie Glu Ser Ala Lys Leu Leu Leu Leu Ser Ala Asp Asp Lys 

290 295 300 

Asn Pro Arg Gly He Ala Asn Ser Ser Asp Gin Val Gly Arg Asn Met 
305 310 315 320 

Met Asp His Thr Gly Val Gin Leu Ser Phe Met Ser Gly Asn Asp Ser 

325 330 335 

Leu Trp Pro Gly Arg Gly Pro Leu Leu Thr Ser lie lie Asp Ser Phe 

340 345 350 

Arg Asp Gly Pro Trp Arg Ser Glu Arg Gly Ala Tyr Leu Val His Met 

355 360 365 

Val Asp Asp Asn Gin Val Asp Phe Ala Thr Gly Leu Ala He Ala Lys 

370 375 380 

Gly Tyr Val Gly Lys Glu Leu Glu Glu Gin lie Arg Tyr Gly Ser Ser 
385 390 395 400 

His Ala Val Arg Leu Phe Ser His Asn Glu Gly lie Ala Asp Pro Asp 

405 410 415 

Asn Arg Leu Thr Leu Ser Lys Thr His Lys Asp Val Leu Gly lie Pro 

420 425 430 

His Pro Glu Val Tyr Tyr Lys Leu Pro Glu Tyr Thr Val Lys Ser Cys 

435 440 445 

Asp His Thr Lys Glu Leu Phe Lys Glu Leu Met Ala Leu Met Ser Gly 

450 455 460 

Thr Asp Pro Gin Trp Thr Lys Gly Tyr Phe Pro Gin Cys His Pro Ser 
465 470 475 480 

Gly Ser Thr lie Met Gly Thr Asp Pro Thr Asn Ser Val Val Asp Gly 

485 490 495 

Glu Cys Arg Thr His Asp His Glu Asn Leu Phe Val Ala Arg Ser Ala 

500 505 510 

Val Phe Ser Ser Val Gly Thr Gly Asn He Thr Leu Thr He Gly Ala 

515 520 525 

Leu Ala Leu Arg Val Ala Ala Ser Leu Lys Lys Glu Met Leu His Ala 
530 535 540 



<210> 2 
<211> 1632 



WO 99/20763 



PCT/JP98/04612 



3/30 



<212> DNA 

<213> Gluconobacter oxydans 
<220> 

<221> mat peptide 

<222> (1). . . (1632) 



<400> 2 
agt tct 
Ser Ser 
1 

gtc gca 
Val Ala 

gtc ate 
Val He 

gaa aat 
Glu Asn 
50 

cca ccc 
Pro Pro 

65 
ggc tat 
Gly Tyr 

tat ctg 
Tyr Leu 

tgg egg 
Trp Arg 

ggc cgc 
Gly Arg 
130 
cag gec 
Gin Ala 
145 

gac ctg 
Asp Leu 



teg aat 
Ser Asn 

ggg gec 
Gly Ala 
20 

gtt ctt 
Val Leu 

35 
ttc cgc 
Phe Arg 

gtg cct 
Val Pro 

ctg cat 
Leu His 

cgt gtt 
Arg Val 
100 
tat etc 
Tyr Leu 
115 

gac tgg 
Asp Trp 

gaa gtc 
Glu Val 

gga tct 
Gly Ser 



ctg tec tat ggc 
Leu Ser Tyr Gly 
180 

aat tac cgc gtc 
Asn Tyr Arg Val 



tec 
Ser 
5 

agt 
Ser 

gaa 
Glu 

acc 
Thr 

tgg 
Trp 

acg 
Thr 
85 
gtc 
Val 

ccc 
Pro 

gec 
Ala 

atg 
Met 

cca 
Pro 
165 
gcg 
Ala 

gtt 
Val 



ctt teg 
Leu Ser 

att gec 
He Ala 

gec ggc 
Ala Gly 

acg gaa 
Thr Glu 
55 

gcg atg 
Ala Met 

70 
acc gga 
Thr Gly 

ggg gga 
Gly Gly 

tct gac 
Ser Asp 

ate aag 
lie Lys 
135 
atg ggc 
Met Gly 

150 
cga tct 
Arg Ser 

gat cag 
Asp Gin 

cac gag 
His Glu 



gca 
Ala 

aac 
Asn 

ccc 
Pro 
40 
aac 
Asn 

cat 
His 

cct 
Pro 

acg 
Thr 

ttc 
Phe 
120 
tac 
Tyr 

gtg 
Val 

cac 
His 

ttt 
Phe 

cca 
Pro 



gat 
Asp 

gaa 
Glu 
25 
egg 
Arg 

aag 
Lys 

ccg 
Pro 

gac 
Asp 

acc 
Thr 
105 
gag 
Glu 

gat 
Asp 

gca 
Ala 

aat 
Asn 

cgc 
Arg 
185 
cag 
Gin 



gtc gtg ate gtg 
Val Val He Val 
10 

ctt gcg aga gec 
Leu Ala Arg Ala 



ate gac 
He Asp 

gga gca 
Gly Ala 

cct gat 
Pro Asp 
75 

ggt get 
Gly Ala 

90 
tgg cat 
Trp His 



cgc 
Arg 

tac 
Tyr 
60 
cag 
Gin 



cag 
Gin 
45 
cag 
Gin 

ggc 
Gly 



gcg tat 
Ala Tyr 

tgg gca 
Trp Ala 



tta 
Leu 

gat 
Asp 

ggc 
Gly 

tac 
Tyr 
170 
aaa 
Lys 



cat tec 
His Ser 

ctg gag 
Leu Glu 
140 
cct aac 
Pro Asn 
155 

ccg atg 
Pro Met 



cga 
Arg 
125 
cca 
Pro 

atg 
Met 

aag 
Lys 



ctg ate cat 
Leu He His 



gec cgt aac act 
Ala Arg Asn Thr 



gga tec ggc 

Gly Ser Gly 
15 

ggc etc tec 

Gly Leu Ser 
30 

cat att ctt 

His He Leu 

ctt ccc tac 
Leu Pro Tyr 

tct ccc aat 
Ser Pro Asn 
80 

cag cag ggc 
Gin Gin Gly 
95 

gga tgt gec 
Gly Cys Ala 
110 

tat ggc gtt 
Tyr Gly Val 

ttc tac tat 
Phe Tyr Tyr 

gat gtc gat 
Asp Val Asp 
160 

gaa gta ccc 
Glu Val Pro 
175 

gag aag acg 
Glu Lys Thr 
190 

cgc cct tat 
Arg Pro Tyr 



48 



96 



144 



192 



240 



288 



336 



384 



432 



480 



528 



576 



624 
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195 

gac aag cgc cca acc tgt 
Asp Lys Arg Pro Thr Cys 
210 

ccg ate ggg gcg atg tac 
Pro He Gly Ala Met Tyr 
225 230 
gca gca ggc gec cgt att 
Ala Ala Gly Ala Arg lie 
245 

acc gac gec age aac aag 
Thr Asp Ala Ser Asn Lys 
260 

gat aag aat tct cat cgt 
Asp Lys Asn Ser His Arg 
275 

cac tgc att gag agt gec 
His Cys He Glu Ser Ala 
290 

aat ccc egg ggc att gec 
Asn Pro Arg Gly He Ala 
305 310 
atg gat cac acg ggc gta 
Met Asp His Thr Gly Val 
325 

ctg tgg ccg ggt cgt ggt 
Leu Trp Pro Gly Arg Gly 
340 

cgt gac ggc cca tgg egg 
Arg Asp Gly Pro Trp Arg 
355 

gtt gac gat aat cag gtc 
Val Asp Asp Asn Gin Val 
370 

ggc tat gtc ggg aaa gag 
Gly Tyr Val Gly Lys Glu 
385 390 
cat gec gtt cgt etc ttc 
His Ala Val Arg Leu Phe 
405 

aac egg ctg aca ctg age 
Asn Arg Leu Thr Leu Ser 
420 

cac ccc gaa gtc tat tac 
His Pro Glu Val Tyr Tyr 
435 



200 

gag ggc aac aac aac 
Glu Gly Asn Asn Asn 
215 

aac gga att cac teg 
Asn Gly He His Ser 
235 

att ccg aat gcg gtt 
He Pro Asn Ala Val 
250 

aag gtc gtg ccc gta 
Lys Val Val Pro Val 
265 

gtc acc ggt aag ttc 
Val Thr Gly Lys Phe 
280 

aag ctg etc ctg ctg 
Lys Leu Leu Leu Leu 
295 

aac agt tea gat cag 
Asn Ser Ser Asp Gin 
315 

cag etc teg ttt atg 
Gin Leu Ser Phe Met 
330 

cct ctg ctg acc age 
Pro Leu Leu Thr Ser 
345 

age gaa cgt ggt gcg 
Ser Glu Arg Gly Ala 
360 

gac ttc gca acg ggt 
Asp Phe Ala Thr Gly 
375 

ctg gaa gag cag ate 
Leu Glu Glu Gin He 
395 

age cat aac gaa ggc 
Ser His Asn Glu Gly 
410 

aaa aca cat aaa gac 
Lys Thr His Lys Asp 
425 

aag ctt ccc gag tac 
Lys Leu Pro Glu Tyr 
440 



205 

tgc atg ccg ate tgt 672 

Cys Met Pro He Cys 

220 

gtc aat cat gcg gaa 720 
Val Asn His Ala Glu 
240 

gtc tac cga ctg gag 768 
Val Tyr Arg Leu Glu 
255 

aat tat tac gat ccc 816 
Asn Tyr Tyr Asp Pro 
270 

ttc gtg gtc get gcg 864 
Phe Val Val Ala Ala 
285 

tec gec gat gac aaa 912 

Ser Ala Asp Asp Lys 

300 

gtt ggt egg aac atg 960 
Val Gly Arg Asn Met 
320 

age gga aac gac tct 1008 
Ser Gly Asn Asp Ser 
335 

att ate gac teg ttt 1056 
lie He Asp Ser Phe 
350 

tat ctt gtg cat atg 1104 
Tyr Leu Val His Met 
365 

ctg gcg att gec aag 1152 

Leu Ala He Ala Lys 

380 

cgt tat ggc tec tct 1200 
Arg Tyr Gly Ser Ser 
400 

att gec gac ccc gac 1248 
lie Ala Asp Pro Asp 
415 

gtt ctg ggc att cct 1296 
Val Leu Gly lie Pro 
430 

aca gtg aag agt tgt 1344 
Thr Val Lys Ser Cys 
445 
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gac cat acc aag gag ctg 
Asp His Thr Lys Glu Leu 
450 

act gat cct caa tgg aca 
Thr Asp Pro Gin Trp Thr 
465 470 
ggc age acg ate atg gga 
Gly Ser Thr He Met Gly 
485 

gag tgc cgc acc cat gac 
Glu Cys Arg Thr His Asp 
500 

gtc ttc tct teg gtc ggt 
Val Phe Ser Ser Val Gly 
515 

ctg gcg ctt cgc gtt gca 
Leu Ala Leu Arg Val Ala 
530 



ttc aag gaa ctg atg get 
Phe Lys Glu Leu Met Ala 
455 460 
aag ggt tac ttc ccg cag 
Lys Gly Tyr Phe Pro Gin 
475 

aca gac ccc acc aat teg 
Thr Asp Pro Thr Asn Ser 
490 

cac gaa aac ctg ttt gtt 
His Glu Asn Leu Phe Val 
505 

aca ggc aat ate acc ctg 
Thr Gly Asn He Thr Leu 
520 

gca tec ctg aaa aag gag 
Ala Ser Leu Lys Lys Glu 
535 540 



ctg atg agt ggt 1392 
Leu Met Ser Gly 

tgc cat ccg teg 1440 
Cys His Pro Ser 
480 

gtc gtt gac ggt 1488 
Val Val Asp Gly 
495 

gee aga tea gcg 1536 
Ala Arg Ser Ala 
510 

acc att ggc gcg 1584 

Thr lie Gly Ala 

525 

atg ctt cat gcg 1632 
Met Leu His Ala 



<210> 3 

<211> 156 

<212> PRT 

<214> Gluconobacter oxydans 



<400> 3 

Glu Glu Ala Lys Ser Pro Leu Ala Ser Arg Asp Glu Tyr Glu Arg Phe 

15 10 15 

Phe Glu Val Ser Arg Arg Leu Met Asp Arg Glu Lys Val His Pro Leu 

20 25 30 

He Gly Gin Ala Leu Tyr Asp Thr Leu Leu Ser Gin Arg Ala Ala Tyr 

35 40 45 

Arg Ser Glu He Asn Gin Leu His Asp Leu Leu Thr Thr Lys Glu Phe 

50 55 60 

Ser Ser Ala Ala Glu Phe Ala Arg Glu Ala Glu His Ser Asp Asn Ala 
65 70 75 80 

Leu Lys Glu Thr He His Ala Leu Met His Gly Trp Tyr Arg Gly Val 

85 90 95 

Val Gly Gin Thr Val Val Val Tyr Arg Ala Ala Ala Met Phe Ala Leu 

100 105 110 

Thr Asp Asp Ala Val Phe Pro Lys Thr Tyr Ala Thr Ala Arg Pro Phe 

115 120 125 

Tyr Trp Thr Glu Lys Pro Pro Val Val Glu Thr Pro Thr Ala Ala Pro 

130 135 140 

Ala Leu Ser Pro Ser Glu Tyr Val Ala Glu Ser Gin 
145 150 155 
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<210> 4 

<211> 591 

<212> DNA 

<213> Gluconobacter oxydans 



<220> 
<221> 
<222> 



mat peptide 
(124). . . (591) 



<400> 4 
gtg tta aaa 
Met Leu Lys 

-40 
etc egg gtc 
Leu Arg Val 
-25 

aca gcg act 
Thr Ala Thr 



gca age 
Ala Ser 

atg gat 
Met Asp 
25 

act ctt 
Thr Leu 

40 
cat gat 
His Asp 



egg 
Arg 
10 
egg 
Arg 

ttg 
Leu 

ctt 
Leu 



cgt gag gec 
Arg Glu Ala 

ctg atg cac 
Leu Met His 
90 

tac cgt gcg 
Tyr Arg Ala 
105 

aag act tat 
Lys Thr Tyr 
120 

gtc gtt gag 



aac 
Asn 

tea 
Ser 

tea 
Ser 

gac 
Asp 

gaa 
Glu 

tct 
Ser 

etc 
Leu 

gag 
Glu 
75 
ggc 
Gly 



eta 
Leu 

cgc 
Arg 

eta 
Leu 
-5 
gag 
Glu 



tat 
Tyr 

cgt 
Arg 
-20 
cgc 
Arg 



aca 
Thr 
-35 

ggg 
Gly 

tta 
Leu 



tat gaa 
Tyr Glu 



aaa gtc cat 
Lys Val His 
30 

caa aga gca 
Gin Arg Ala 
45 

act aca aaa 
Thr Thr Lys 
60 

cat tct gac 
His Ser Asp 

tgg tat egg 
Trp Tyr Arg 



aac cgt 
Asn Arg 

ata ttg 
lie Leu 

cat gca 
His Ala 

cgc ttc 
Arg Phe 

15 
cct etc 
Pro Leu 

gec tac 
Ala Tyr 

gag ttt 
Glu Phe 



aac 
Asn 

ggc 
Gly 
'95 
get 
Ala 



gcg 
Ala 
80 
gtc 
Val 



cat gat 
His Asp 

gcg ggt 
Ala Gly 
-15 
gag gaa 
Glu Glu 
1 

ttc gaa 
Phe Glu 

ate ggg 
lie Gly 

cga agt 
Arg Ser 
50 

agt tea 
Ser Ser 

65 
ctg aaa 
Leu Lys 



eta 
Leu 
-30 
gga 
Gly 

gcg 
Ala 

gtg 
Val 

cag 
Gin 
35 
gag 
Glu 

gec 
Ala 

gag 
Glu 



aga egg cct ctt 
Arg Arg Pro Leu 



ate 
lie 

aag 
Lys 

tct 
Ser 
20 
gee 
Ala 



agt ctt ttg 
Ser Leu Leu 
-10 

tct cct etc 
Ser Pro Leu 
5 

cgt cgc etc 
Arg Arg Leu 

etc tac gac 
Leu Tyr Asp 



ate aat caa 
lie Asn Gin 



gec gaa 
Ala Glu 



gec gee atg ttt get ctg 
Ala Ala Met Phe Ala Leu 
110 

gcg aca gcg aga ccc ttc 
Ala Thr Ala Arg Pro Phe 
125 

acg cca aca gcg gec ccg 



gtg ggt cag 
Val Gly Gin 

act gat gat 
Thr Asp Asp 
115 

tac tgg act 
Tyr Trp Thr 

130 
gca ctg tct 



ace 
Thr 

aca 
Thr 
100 
gcg 
Ala 



att 
He 
85 
gtc 
Val 

gtc 
Val 



ttt 
Phe 
70 
cat 
His 

gtc 
Val 

ttt 
Phe 



ctg 
Leu 
55 
gee 
Ala 

gec 
Ala 

gtc 
Val 

ccc 
Pro 



gaa aag cca cca 
Glu Lys Pro Pro 
135 

cca teg gaa tat 



48 



96 



144 



192 



240 



288 



336 



384 



432 



480 



528 



576 
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Val Val Glu Thr Pro Thr Ala Ala Pro Ala Leu Ser Pro Ser Glu Tyr 

140 145 150 

gtc gca gaa tec cag 591 
Val Ala Glu Ser Gin 
155 



<210> 5 
<211> 478 
<212> PRT 

<213> Gluconobacter oxydans 
<400> 5 

Met Arg Glu Gly Asn Lys Ala Gly lie Arg Arg Leu Phe Leu Pro Ala 

15 10 15 

Ala He Ala Ser Gly Val Leu Phe Gly Ala Gin Ser Ala Arg Ala Glu 

20 25 30 

Asp Gin Ala Thr Thr He Ser Arg Gly Ala Tyr Leu Ala Thr Ala Gly 

35 40 45 

Asp Cys Val Ala Cys His Thr Lys Pro Gly Gly Ala Pro Phe Ala Gly 

50 55 60 

Gly Leu Val He Ala Ser Pro Met Gly Gly He Val Ala Ser Asn He 
65 70 75 80 

Thr Pro Asp Pro Asp Thr Gly He Gly Lys Tyr Thr Glu Glu Glu Phe 

85 90 95 

Ala Asn Ala Leu Arg Lys Gly He Arg Arg Asp Gly Ala His Leu Tyr 

100 105 110 

Pro Ala Met Pro Tyr Thr Ala Tyr Ser Glu He Ala Asp Thr Asp He 

115 120 125 

His Ala Leu Tyr Val Tyr Phe Met His Gly Val Ala Pro Leu Arg Gin 

130 135 140 

Asp Asn Pro Lys Thr Glu Leu Lys Phe Pro Phe Asn He Arg Ala Met 
145 150 155 160 

Met He Ser Trp Asn Leu Leu Phe Ala Gly Pro Pro Pro Ala Lys Gly 

165 170 175 

Asp Pro Gin Thr Tyr Ser Thr He Glu Arg Gly His Tyr Leu Ala Asp 

180 185 190 

Ala Leu Gly His Cys Gly Thr Cys His Thr Pro Arg Asn Phe Leu Met 

195 200 205 

Gly Glu Arg Ser Ser Ser Ala Tyr Leu Gly Gly Thr Pro Leu Ala Gly 

210 215 220 

Trp Tyr Ala Pro Asn He Thr Pro Ser Met Asn Ser Gly He Gly Asp 
225 230 235 240 

Trp Ser Glu Asp Asp Leu Val Gin Tyr Leu Arg Thr Gly Ser Val Pro 

245 250 255 

Gly Arg Ala Gin Ala Ala Gly Met Met Gly Glu Ala Val Glu His Ser 
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260 



265 



270 



Phe Ser Lys Leu Thr Asp Glu Asp Leu His Ala He Ala Ala Tyr He 

275 280 285 

Arg Gin He Pro Lys He Glu Asp Ser Gin Ala Lys Gin Pro Arg Asp 

290 295 300 

Arg Phe Gly Val Ala Val Gin Pro lie Val Asp Leu Gin Lys Pro Lys 
305 310 315 320 

Leu Asp Arg Glu Asp Asp Leu Phe Pro Met Asp Gly Glu Arg He Tyr 

325 330 335 

Val Asn Asn Cys Ala Ala Cys His Gly Leu Asp Gly Ala Gly Ala Ala 

340 345 350 

Asp His Phe Thr Pro Ser Leu Ser Ser Asn Ala Val Val Gly Ala Pro 

355 360 365 

Gly Ala Asp Asn Leu He Met Ala He Val Asn Gly Val Asp Arg Thr 

370 375 380 

Thr Asn Gly His His Val Leu Met Pro Gly Phe Gly Pro Thr Ser Asp 
385 390 395 400 

Val Gin Arg Leu Ser Asp Thr Asp Val Ala Lys Leu Thr Asn Tyr Val 

405 410 415 

Ser Gly Thr Phe Gly Ser Gly Asp His His Val Thr Ala Gin Asp Val 

420 425 430 

Lys Val Ala Arg Glu Gly Gly Pro Leu Pro Ala Leu Val Lys Asp Met 

435 440 445 

Pro Ala Leu He Gly Ala Gly Val He Ala Ala Phe Ala Ala Met Ser 

450 455 460 

Cys Leu He Trp Trp Phe Arg Arg Arg Thr Gin Lys Gin Lys 
465 470 475 



<210> 6 

<211> 1434 

<213> DNA 

<214> Gluconobacter oxydans 
<220> 

<221> mat peptide 

<222> (1). . . (1434) 

<400> 6 

atg cgt gag ggg aat aaa gcc gga ata cgc cgc etc ttt ctg cca get 48 

Met Arg Glu Gly Asn Lys Ala Gly lie Arg Arg Leu Phe Leu Pro Ala 

15 10 15 

gcc ata get teg ggt gtc ctg ttc ggc gcg cag tea gcg agg gca gag 96 

Ala He Ala Ser Gly Val Leu Phe Gly Ala Gin Ser Ala Arg Ala Glu 



20 

gat cag gcc acc act ate 



25 30 
age cga ggc gcc tat ctg get aca gca ggc 



144 
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Asp Gin Ala Thr Thr 
35 

gac tgc gtt gcc tgc 
Asp Cys Val Ala Cys 
50 

ggc ctt gtc att gcg 
Gly Leu Val He Ala 
65 

aca ccc gat ccg gat 
Thr Pro Asp Pro Asp 
85 

gcc aac get ctt cgc 
Ala Asn Ala Leu Arg 
100 

ccg gcc atg cct tac 
Pro Ala Met Pro Tyr 
115 

cac gca ttg tat gtc 
His Ala Leu Tyr Val 
130 

gac aat ccg aag acg 
Asp Asn Pro Lys Thr 
145 

atg ate age tgg aat 
Met He Ser Trp Asn 
165 

gat cct cag acc tat 
Asp Pro Gin Thr Tyr 
180 

gcc ttg gga cat tgc 
Ala Leu Gly His Cys 
195 

ggc gaa cgc age age 
Gly Glu Arg Ser Ser 
210 

tgg tat get ccc aac 
Trp Tyr Ala Pro Asn 
225 

tgg age gaa gac gat 
Trp Ser Glu Asp Asp 
245 

gga cgt get cag gcg 
Gly Arg Ala Gin Ala 
260 

ttt age aag ctg aca 
Phe Ser Lys Leu Thr 



He Ser Arg Gly 
40 

cat acg aaa cca 
His Thr Lys Pro 
55 

tec cca atg ggc 
Ser Pro Met Gly 
70 

acg gga att ggc 
Thr Gly He Gly 

aag ggt att cgc 
Lys Gly He Arg 
105 

acg gcc tat teg 
Thr Ala Tyr Ser 
120 

tac ttc atg cat 
Tyr Phe Met His 
135 

gag ctg aaa ttc 
Glu Leu Lys Phe 
150 

etc ctg ttc gca 
Leu Leu Phe Ala 

tec aca ate gaa 
Ser Thr He Glu 
185 

gga acc tgt cat 
Gly Thr Cys His 
200 

agt gcc tat ctt 
Ser Ala Tyr Leu 
215 

ate aca ccg age 
He Thr Pro Ser 
230 

ctg gtt cag tac 
Leu Val Gin Tyr 

gca ggc atg atg 
Ala Gly Met Met 
265 

gac gag gat etc 
Asp Glu Asp Leu 



Ala Tyr Leu Ala 
45 

ggt ggg get ccc 
Gly Gly Ala Pro 
60 

ggg ate gtc gcg 
Gly He Val Ala 
75 

aaa tac acc gaa 
Lys Tyr Thr Glu 
90 

agg gac gga get 
Arg Asp Gly Ala 

gag att gcg gat 
Glu He Ala Asp 
125 

ggc gtg gcc ccc 
Gly Val Ala Pro 
140 

ccc ttc aat ate 
Pro Phe Asn lie 
155 

gga cct ccg ccc 
Gly Pro Pro Pro 
170 

aga ggc cac tat 
Arg Gly His Tyr 

aca cca cgc aat 
Thr Pro Arg Asn 
205 

ggc gga acg ccg 
Gly Gly Thr Pro 
220 

atg aat age ggg 
Met Asn Ser Gly 
235 

ctg cgt aca ggc 
Leu Arg Thr Gly 
250 

ggc gaa get gtt 
Gly Glu Ala Val 

cac gcg ate gcc 
His Ala lie Ala 



Thr Ala Gly 

ttt gcg ggc 192 
Phe Ala Gly 

tec aac att 240 
Ser Asn lie 
80 

gag gag ttt 288 
Glu Glu Phe 
95 

cat etc tat 336 

His Leu Tyr 

110 

acg gac ate 384 
Thr Asp He 

ctg egg cag 432 
Leu Arg Gin 

cgc gca atg 480 
Arg Ala Met 
160 

gca aag ggt 528 
Ala Lys Gly 
175 

etc gca gat 576 

Leu Ala Asp 

190 

ttc ctg atg 624 
Phe Leu Met 

etc get ggc 672 
Leu Ala Gly 

ate ggc gat 720 
lie Gly Asp 
240 

tec gtg cca 768 
Ser Val Pro 
255 

gaa cat age 816 

Glu His Ser 

270 

gcc tat ate 864 
Ala Tyr lie 



WO 99/20763 



PCT/JP98/04612 



10/30 



275 

cga cag ate cca aag ate 
Arg Gin lie Pro Lys He 
290 

egg ttc ggg gtt gec gtc 
Arg Phe Gly Val Ala Val 
305 310 
ctt gat cgt gaa gat gac 
Leu Asp Arg Glu Asp Asp 
325 

gtc aac aac tgt gca gec 
Val Asn Asn Cys Ala Ala 
340 

gga get gac aat ctg ate 
Asp His Phe Thr Pro Ser 
355 

gat cac ttc acg ccc tc t 
Gly Ala Asp Asn Leu He 
370 

acg aat ggt cat cac gtt 
Thr Asn Gly His His Val 
385 390 
gta caa egg etc age gat 
Val Gin Arg Leu Ser Asp 
405 

tec ggg aca ttt gga agt 
Ser Gly Thr Phe Gly Ser 
420 

aag gtc get cgt gaa ggc 
Lys Val Ala Arg Glu Gly 
435 

ccg gee tta att ggg get 
Pro Ala Leu He Gly Ala 
450 

tgc ctg ate tgg tgg ttc 
Cys Leu He Trp Trp Phe 
465 470 



280 

gag gac age caa gca aaa 
Glu Asp Ser Gin Ala Lys 
295 300 
cag ccc ate gtg gat ctg 
Gin Pro He Val Asp Leu 
315 

ctg ttt ccg atg gac ggg 
Leu Phe Pro Met Asp Gly 
330 

tgc cat gga ctt gat ggt 
Cys His Gly Leu Asp Gly 
345 

atg gee att gtc aac ggc 
Leu Ser Ser Asn Ala Val 
360 

ctg tec tec aat gca gta 
Met Ala He Val Asn Gly 
375 380 
ctg atg ccg ggt ttc ggc 
Leu Met Pro Gly Phe Gly 
395 

acg gat gtg gcg aaa etc 
Thr Asp Val Ala Lys Leu 
410 

ggc gat cat cat gtc aca 
Gly Asp His His Val Thr 
425 

ggg cct ctg cca gca eta 
Gly Pro Leu Pro Ala Leu 
440 

ggt gtt att gca gee ttt 
Gly Val He Ala Ala Phe 
455 460 
aga egg cgc act caa aaa 
Arg Arg Arg Thr Gin Lys 
475 



285 

cag ccg cgt gac 912 
Gin Pro Arg Asp 

cag aag cca aaa 960 
Gin Lys Pro Lys 
320 

gag agg ate tac 1008 
Glu Arg lie Tyr 
335 

gca gga gcg gee 1056 
Ala Gly Ala Ala 
350 

gtt gat cgc acg 1152 

Val Gly Ala Pro 

365 

gtc ggt gca ccg 1104 
Val Asp Arg Thr 

ccc act tec gat 1200 
Pro Thr Ser Asp 
400 

ace aac tat gtc 1248 
Thr Asn Tyr Val 
415 

get cag gac gta 1296 
Ala Gin Asp Val 
430 

gtg aag gat atg 1344 

Val Lys Asp Met 

445 

gca gca atg tea 1392 
Ala Ala Met Ser 

cag aaa 1434 
Gin Lys 



<210> 7 

<211> 5187 

<212> DNA 

<213> Gluconobacter oxydans 
<220> 

<221> -35 signal 
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<222> 


(547). . . (552) 


<221> 


-10 signal 


<222> 


(571). (576) 


<221> 


CDS 


<222> 


(681). . . (1274) 


<221> 


mat peptide 


<222> 


(804). . . (1271) 


<221> 


CDS 


<222> 


(1293). . . (2930) 


<221> 


mat peptide 


<222> 


(1296). . . (2927) 


<221> 


CDS 


<222> 


(2923). . . (4359) 


<221> 


mat peptide 


<222> 


(2923). . . (4356) 



<400> 7 

gcgccaagct ttgcgctggc gcggcggtaa tcatttcata aacgggagcg ggttcctgtt 60 

ttcctgtttc tttactcggg ggcatgacag catttttttc cattgtctca tgaggaaatc 120 

ttggctttac gcaccattct tgcagccaga ccggtccatt cctcaggcat gacacttcaa 180 

cagcacatct taggttccaa ggccatgatg cgaaaaaaca ggctttccaa acattcgata 240 

agactatgag tattttggca tcttatgtcc ttgatctagg ctgtatattt tatttttctg 300 

atattttctt gcgctttggc aagctgaata gctcgatttt ccgagctccc cctcttcctc 360 

tccaaaaaag gggacttacg agcacctaat tccacaacat attgttttaa atgtataatt 420 

tccggacaat catttttctt tcgaatattt tttctactga tgcttcctgt atctgacaca 480 

aaaaaaatca cccatatcta cggaacgagg tgagatagtc acaaataagt gagttcaatt 540 

tagcagttta ctttcacaac aaacggtgtc tagaaccaca acctaagtgc gaaatgaata 600 

caaataaacc aattaaacga ggtgtgctac acagtaatta atatgaatca cctagaaaaa 660 

ggaaaggata aaactgtact gtgttaaaaa acctatatac aaaccgtcat gatctaagac 720 

ggcctcttct ccgggtctca cgccgtggga tattggcggg tggaatcagt cttttgacag 780 

cgacttcact acgcttacat gcagaggaag cgaagtctcc tctcgcaagc cgggacgagt 840 

atgaacgctt cttcgaagtg tctcgtcgcc tcatggatcg ggaaaaagtc catcctctca 900 

tcgggcaggc cctctacgac actcttttgt ctcaaagagc agcctaccga agtgagatca 960 

atcaactgca tgatcttctc actacaaaag agtttagttc agccgccgaa tttgcccgtg 1020 

aggccgagca ttctgacaac gcgctgaaag agaccattca tgccctgatg cacggctggt 1080 

atcggggcgt cgtgggtcag acagtcgtcg tctaccgtgc ggccgccatg tttgctctga 1140 

ctgatgatgc ggtctttccc aagacttatg cgacagcgag acccttctac tggactgaaa 1200 

agccaccagt cgttgagacg ccaacagcgg ccccggcact gtctccatcg gaatatgtcg 1260 

cagaatccca gtaagaaacg gatgttattt caatgagttc ttcgaattcc ctttcggcag 1320 

atgtcgtgat cgtgggatcc ggcgtcgcag gggccagtat tgccaacgaa cttgcgagag 1380 

ccggcctctc cgtcatcgtt cttgaagccg gcccccggat cgaccgccag catattcttg 1440 

aaaatttccg caccacggaa aacaagggag cataccagct tccctaccca cccgtgcctt 1500 

gggcgatgca tccgcctgat cagggctctc ccaatggcta tctgcatacg accggacctg 1560 

acggtgctgc gtatcagcag ggctatctgc gtgttgtcgg gggaacgacc tggcattggg 1620 

caggatgtgc ctggcggtat ctcccctctg acttcgagtt acattcccga tatggcgttg 1680 

gccgcgactg ggccatcaag tacgatgatc tggagccatt ctactatcag gccgaagtca 1740 
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tgatgggcgt ggcaggccct aacatggatg tcgatgacct gggatctcca cgatctcaca 1800 
attacccgat gaaggaagta cccctgtcct atggcgcgga tcagtttcgc aaactgatcc 1860 
atgagaagac gaattaccgc gtcgttcacg agccacaggc ccgtaacact cgcccttatg 1920 
acaagcgccc aacctgtgag ggcaacaaca actgcatgcc gatctgtccg atcggggcga 1980 
tgtacaacgg aattcactcg gtcaatcatg cggaagcagc aggcgcccgt attattccga 2040 
atgcggttgt ctaccgactg gagaccgacg ccagcaacaa gaaggtcgtg cccgtaaatt 2100 
attacgatcc cgataagaat tctcatcgtg tcaccggtaa gttcttcgtg gtcgctgcgc 2160 
actgcattga gagtgccaag ctgctcctgc tgtccgccga tgacaaaaat ccccggggca 2220 
ttgccaacag ttcagatcag gttggtcgga acatgatgga tcacacgggc gtacagctct 2280 
cgtttatgag cggaaacgac tctctgtggc cgggtcgtgg tcctctgctg accagcatta 2340 
tcgactcgtt tcgtgacggc ccatggcgga gcgaacgtgg tgcgtatctt gtgcatatgg 2400 
ttgacgataa tcaggtcgac ttcgcaacgg gtctggcgat tgccaagggc tatgtcggga 2460 
aagagctgga agagcagatc cgttatggct cctctcatgc cgttcgtctc ttcagccata 2520 
acgaaggcat tgccgacccc gacaaccggc tgacactgag caaaacacat aaagacgttc 2580 
tgggcattcc tcaccccgaa gtctattaca agcttcccga gtacacagtg aagagttgtg 2640 
accataccaa ggagctgttc aaggaactga tggctctgat gagtggtact gatcctcaat 2700 
ggacaaaggg ttacttcccg cagtgccatc cgtcgggcag cacgatcatg ggaacagacc 2760 
ccaccaattc ggtcgttgac ggtgagtgcc gcacccatga ccacgaaaac ctgtttgttg 2820 
ccagatcagc ggtcttctct tcggtcggta caggcaatat caccctgacc attggcgcgc 2880 
tggcgcttcg cgttgcagca tccctgaaaa aggagatgct tcatgcgtga ggggaataaa 2940 
gccggaatac gccgcctctt tctgccagct gccatagctt cgggtgtcct gttcggcgcg 3000 
cagtcagcga gggcagagga tcaggccacc actatcagcc gaggcgccta tctggctaca 3060 
gcaggcgact gcgttgcctg ccatacgaaa ccaggtgggg ctccctttgc gggcggcctt 3120 
gtcattgcgt ccccaatggg cgggatcgtc gcgtccaaca ttacacccga tccggatacg 3180 
ggaattggca aatacaccga agaggagttt gccaacgctc ttcgcaaggg tat tcgcagg 3240 
gacggagctc atctctatcc ggccatgcct tacacggcct attcggagat tgcggatacg 3300 
gacatccacg cattgtatgt ctacttcatg catggcgtgg cccccctgcg gcaggacaat 3360 
ccgaagacgg agctgaaatt ccccttcaat atccgcgcaa tgatgatcag ctggaatctc 3420 
ctgttcgcag gacctccgcc cgcaaagggt gatcctcaga cctattccac aatcgaaaga 3480 
ggccactatc tcgcagatgc cttgggacat tgcggaacct gtcatacacc acgcaatttc 3540 
ctgatgggcg aacgcagcag cagtgcctat cttggcggaa cgccgctcgc tggctggtat 3600 
gctcccaaca tcacaccgag catgaatagc gggatcggcg attggagcga agacgatctg 3660 
gttcagtacc tgcgtacagg ctccgtgcca ggacgtgctc aggcggcagg catgatgggc 3720 
gaagctgttg aacatagctt tagcaagctg acagacgagg atctccacgc gatcgccgcc 3780 
tatatccgac agatcccaaa gatcgaggac agccaagcaa aacagccgcg tgaccggttc 3840 
ggggttgccg tccagcccat cgtggatctg cagaagccaa aacttgatcg tgaagatgac 3900 
ctgtttccga tggacgggga gaggatctac gtcaacaact gtgcagcctg ccatggactt 3960 
gatggtgcag gagcggccga tcacttcacg ccctctctgt cctccaatgc agtagtcggt 4020 
gcaccgggag ctgacaatct gatcatggcc attgtcaacg gcgttgatcg cacgacgaat 4080 
ggtcatcacg ttctgatgcc gggtttcggc cccacttccg atgtacaacg gctcagcgat 4140 
acggatgtgg cgaaactcac caactatgtc tccgggacat ttggaagtgg cgatcatcat 4200 
gtcacagctc aggacgtaaa ggtcgctcgt gaaggcgggc ctctgccagc actagtgaag 4260 
gatatgccgg ccttaattgg ggctggtgtt attgcagcct ttgcagcaat gtcatgcctg 4320 
atctggtggt tcagacggcg cactcaaaaa cagaaataat caaaatatta tttaatatta 4380 
ccttcgatat aaattatcga aggtaatatt ctgtacaaat aatatctttc agtattaaaa 4440 
tcgaacatat atttatatat. ctgatcaatc acaggaaaca tctagtgtac tcaaagcgta 4500 
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tcttccgtgc tcttttctgt atcggctctt 

ccagggacag catcgacaaa ggatttattc 

ttccgaatgt acaagcctcg ggtatcgcca 

ttcctcgcag cgttcatgaa cacgcaggaa 

tccttccgtt tcctgatact tcttctcaac 

gtaaattcaa agggcacact ctggatcctc 

attgccggcg cgcagaagct ctttgaaatt 

tacaccatta cggcccctgc tctcctccct 

ttgactcatg gtgcaaatgg cacagcattc 

ggtatcattg tgatcgattt ggcgacaggt 

gttgtctcgg gagaagctgg ctttgtcagc 

tccataaatc caactcttcc gcgagga 



tatcgatctt ttctcctttc tccgcgatag 4560 
cttcgggcaa tgttcaagtc atcgcacgct 4620 
ttcttcgtga tggccgaatg attgtagggt 4680 
ctcgtgtcgg aatttacctc aaaggcaaga 4740 
aacagtttgt ctctccctct gggcatgaat 4800 
gacgaaggca tgttggatgg tcagggtaca 4860 
gaccctgcct caaatcgtat tgtcagaatt 4920 
gacagtcatt tgaacgacgt tcggatcgat 4980 
ataactgaca cgtctaccag caaccatccc 5040 
gcgcaaaggc gtatcctagc taacgcgcag 5100 
atgattgacg ggatacttgc ccgtcacgat 5160 

5187 



<210> 8 
<211> 20 
<212> PRT 

<213> Gluconobacter oxydans 
<220> 

<223> N-terminal sequence of large subunit of D-sorbitol dehydrogenase. 
<400> 8 

Ser Ser Ser Asn Ser Leu Ser Ala Asp Val Val He Val Gly Ser Gly 

15 10 15 

Val Ala Gly Ala 
20 



<210> 9 
< 2 1 1 > 20 
<212> PRT 

<213> Gluconobacter oxydans 
<220> 

<223> N-terminal sequence of small subunit of D-sorbitol dehydrogenase. 
<400> 9 

Glu Glu Ala Lys Ser Pro Leu Ala Ser Arg Asp Glu Tyr Glu Arg Phe 

15 10 15 

Phe Glu Val Ser 
20 



<210> 10 
<211> 20 
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<212> PRT 

<213> Gluconobacter oxydans 
<220> 

<223> N-terminal sequence of cytochrome c-like subunit of D-sorbitol 
dehydrogenase. 

<400> 10 

Met Arg Glu Gly Asn Lys Ala Gly lie Arg Arg Leu Phe Leu Pro Ala 

15 10 15 

Ala lie Ala Ser 
20 



<210> 11 

<211> 5 

<212> PRT 

<213> Artificial Sequence 
<220> 

<221> BINDING 

<222> (1). . . (5) 

<223> Consensus sequence of heme-bi ndi ng site. 

<221> UNSURE 

<222> (2) 

<223> Optional amino acid. 

<221> UNSURE 

<222> (3) 

<223> Optional amino acid. 

<400> 11 

Cys Xaa Xaa Cys His 
1 5 



<210> 12 

<211> 21 

<212> PRT 

<213> Gluconobacter oxydans 
<220> 

<221> UNSURE 

<222> (15) 

<223> Unidentified Amino acid. 



<400> 



12 
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Ser Ser Ser Asn Ser Leu Ser Ala Asp Val Val He Val Gly Xaa Gly 

15 10 15 

Val Val Ala Asp Ala 
20 



<210> 13 
<211> 19 
<212> PRT 

<213> Gluconobacter oxydans 
<220> 

<221> UNSURE 
<222> (4) 

<223> Unidentified Amino acid. 
<400> 13 

Thr Asn Tyr Xaa Val Val His Glu Pro Gin Ala Arg Asn Thr Arg Pro 

15 10 15 

Tyr Asp Lys 

<210> 14 

<211> 11 

<212> PRT 

<213> Gluconobacter oxydans 

<400> 14 

Val Val Ala Val Asn Tyr Tyr Asp Pro Asp Lys 

1 5 10 



<210> 15 

<211> 13 

<212> PRT 

<213> Gluconobacter oxydans 

<400> 15 

Glu Val Pro Leu Ser Tyr Gly Ala Asp Gin Phe Arg Lys 

1 5 10 



<210> 16 

<211> 13 

<212> PRT 

<213> Gluconobacter oxydans 
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<400> 16 

Asp Val Leu Gly He Pro His Pro Glu Val Tyr Tyr Lys 
1 5 10 



<210> 17 
<211> 30 
<212> PRT 

<213> Gluconobacter oxydans 
<400> 17 

Glu Leu Glu Glu Gin He Arg Tyr 

1 5 
Phe Ser His Asn Glu Gly He Ala 
20 



Gly Ser Ser His Ala Val Arg Leu 

10 15 

Asp Pro Asp Asn Arg Leu 
25 30 



<210> 18 
<211> 15 
<212> PRT 

<213> Gluconobacter oxydans 
<400> 18 

Glu Leu Met Ala Leu Met Ser Gly Thr Asp Pro Gin Trp Thr Lys 
15 10 15 



<210> 19 
<211> 20 
<212> PRT 

<213> Gluconobacter oxydans 
<220> 

<221> UNSURE 
<222> (20) 

<224> Unidentified Amino acid. 
<400> 19 

Glu Glu Ala Lys lie Pro Leu Ala Ser Arg Asp Glu Tyr lie Arg Phe 

15 10 15 

Phe Glu Val Xaa 
20 



<210> 20 



»1 
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<211> 20 
<212> PRT 

<213> Gluconobacter oxydans 
<220> 

<221> UNSURE 
<222> (4) 

<223> Unidentified Amino acid. 
<221> UNSURE 
<222> (15) 

<223> Unidentified Amino acid. 
<400> 20 

Glu Phe Ser Xaa Ala Ala Glu Phe Ala Arg Glu Ala Glu His Xaa Asp 

15 10 15 

Asn Ala Leu Lys 
20 



<210> 21 

<211> 20 

<212> PRT 

<213> Gluconobacter oxydans 
<220> 

<221> UNSURE 

<222> (16) 

<223> Unidentified Amino acid. 



<400> 21 

Ser Pro Leu Ala Ser Arg Asp Glu 

1 5 
Arg Arg Leu Met 
20 



Tyr Glu Arg Phe Phe Glu Val Xaa 
10 15 



<210> 22 
<211> 20 
<212> PRT 

<213> Gluconobacter oxydans 
<400> 22 

Thr Tyr Ala Thr Ala Arg Pro Phe Tyr Trp Thr Glu Lys Pro Pro Val 

15 10 15 

Val Glu Thr Pro 
20 
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<210> 23 
<211> 20 
<212> PRT 

<213> Gluconobacter oxydans 
<400> 23 

Ser Pro Leu Ala Ser Arg Asp Glu 

1 5 
Arg Arg Leu Met 
20 



Tyr Glu Arg Phe Phe Glu Val Ser 
10 15 



<210> 24 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> unsure 

<222> (3) 

<223> A, G f T or C. 

<221> unsure 

<222> (6) 

<223> A, G, T or C. 

<223> Oligonucleotide designed to act as forward primer for amplifying 
partial nucleotide sequence of DNA encoding large subunit of D- 
sorbitol dehydrogenase. 

<400> 24 

ggngcrigayc art.tymg 17 



<210> 25 

<211> 17 

<212> DNA 

<213> Artificial sequence 
<220> 

<221> unsure 

<222> (12) 

<223> A, G, T or C. 

<221> unsure 

<222> (15) 

<223> A, G, T or C. 
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<223> Oligonucleotide designed to act as reverse primer for amplifying 



partial nucleotide sequence of DNA encoding large subunit of D- 
sorbitol dehydrogenase. 



<210> 26 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> unsure 

<222> (6) 

<223> A, G f T or C 

<221> unsure 

<222> (12) 

<223> A, G, T or C 

<223> Oligonucleotide designed to act as forward primer for amplifying 
partial nucleotide sequence of DNA encoding large subunit of D- 



<210> 27 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> unsure 

<222> (6) 

<223> A, G, T or C 

<221> unsure 

<222> (12) 

<223> A, G, T or C 

<223> Oligonucleotide designed to act as reverse primer for amplifying 
partial nucleotide sequence of DNA encoding large subunit of D- 
sorbitol dehydrogenase. 



<400> 25 

ckraaytgrt cngcncc 



17 



sorbitol dehydrogenase. 



<400> 26 

cayccngarg tntayta 



17 



<400> 



27 



tartanacyt cnggrtg 



17 



WO 99/20763 



PCT/JP98/04612 



20/30 



<210> 28 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> unsure 

<222> (15) 

<223> A, G, T or C 

<223> Oligonucleotide designed to act as forward primer for amplifying 
partial nucleotide sequence of DNA encoding large subunit of D- 
sorbitol dehydrogenase. 

<400> 28 

gargarcara thcgnta 17 

<210> 29 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as forward primer for amplifying 
partial nucleotide sequence of DNA encoding large subunit of D- 
sorbitol dehydrogenase. 

<400> 29 

gargarcara thagrta 17 

<210> 30 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<221> unsure 

<222> (3) 

<223> A, G, T or C 

<223> Oligonucleotide designed to act as reverse primer for amplifying 
partial nucleotide sequence of DNA encoding large subunit of D- 
sorbitol dehydrogenase. 
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<400> 30 

tancgdatyt gytcytc 



17 



<210> 31 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as reverse primer for amplifying 
partial nucleotide sequence of DNA encoding large subunit of D- 
sorbitol dehydrogenase. 



<210> 32 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> unsure 

<222> (3) 

<223> A, G, T or C 

<221> unsure 

<222> (9) 

<223> A, G, T or C 

<223> Oligonucleotide designed to act as forward primer for amplifying 
partial nucleotide sequence of DNA encoding large subunit of D- 
sorbitol dehydrogenase. 



<210> 33 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<221> unsure 

<222> (9) 



<400> 31 

tayctdatyt gytcytc 



17 



<400> 32 

acngayccnc artggac 



17 



WO 99/20763 



PCT/JP98/04612 



22/30 



<223> A, G, T or C 

<221> unsure 

<222> (15) 

<223> A, G, T or C 

<223> Oligonucleotide designed to act as reverse primer for amplifying 



partial nucleotide sequence of DNA encoding large subunit of D- 
sorbitol dehydrogenase. 



<210> 34 
<211> 17 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as forward primer for amplifying 
partial nucleotide sequence of DNA encoding large subunit of D- 
sorbitol dehydrogenase. 



<210> 35 

<211> 15 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #1. 



<400> 33 

gtccaytgng grtcngt 



17 



<400> 34 

gaygtbgtva thgtbgg 



17 



<400> 35 
tatctgcata cgacc 



15 



<210> 36 
<211> 15 
<212> DNA 



<213> Artificial sequence 



<220> 
<223> 



Oligonucleotide designed to act as primer for sequencing insert DNA 
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of X phage #1. 
<400> 36 

gaagtcatga tgggc 15 

<210> 37 

<211> 16 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #1. 

<400> 37 

tgcatacgac cggacc 16 



<210> 38 

<211> 16 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #1. 

<400> 38 

ttggcactct caatgc 16 

<210> 39 

<211> 18 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #1. 

<400> 39 

tctgggcatt cctcaccc 18 



<210> 40 
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<211> 16 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #1. 



<210> 41 

<211> 16 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage 81. 



<210> 42 

<211> 16 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage ttl. 



<400> 40 
gacgactgtc tgaccc 



16 



<400> 41 
gacgactgtc tgaccc 



16 



<400> 42 
ccaaggccat gatgcg 



16 



<210> 43 
<211> 15 
<212> DNA 



<213> Artificial Sequence 



<220> 
<223> 



Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #1. 
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<400> 43 



cgagcaccta attcc 



15 



<210> 44 

<211> 15 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #1. 



<210> 45 

<211> 15 

<212> DNA 

<213> Artificial sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #1. 



<210> 46 

<211> 15 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #1. 



<400> 44 
ctgatcatca ttgcg 



15 



<400> 45 
ccgatgagag gatgg 



15 



<400> 46 
attcggtcgt tgacg 



15 



<210> 47 
<211> 15 
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<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage 81. 



<210> 48 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage 81. 



<210> 49 

<211> 16 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage 87. 



<400> 47 
gctgttgaac atagc 



15 



<400> 



48 



ctgcattgag agagtgc 



17 



<400> 



49 



gtacctgcgt acaggc 



16 



<210> 50 
<211> 16 
<212> DNA 



<213> Artificial Sequence 



<220> 
<223> 



Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage 87. 
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<400> 50 

gttgccagat cagcgg 16 

<210> 51 

<211> 16 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #7. 

<400> 51 

ctccgaatag gccgtg 16 

<210> 52 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #7. 

<400> 52 

tgatcgcacg acgaatg 17 



<210> 53 

<211> 16 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #7. 

<400> 53 * 

gtgcaccgac tactgc 16 

<210> 54 
<211> 16 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #7. 

<400> 54 

gcagtagtcg gtgcac 16 

<210> 55 

<211> 18 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #7. 

<400> 55 

acagcacatc ttaggttc 18 

<210> 56 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #7. 

<400> 56 

caacgaactt gcgagag 17 

<210> 57 

<211> 16 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #7. 



<400> 57 
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gatcgcgtgg agatcc 16 



<210> 58 

<211> 16 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #7. 

<400> 58 

cacggcctat tcggag 16 

<210> 59 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #7. 

<400> 59 

gttcatgaac acgcagg 17 



<210> 60 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #7. 

<400> 60 

cgaagaatgg cgatacc 17 

<210> 61 

<211> 16 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #7. 

<400> 61 

tggattcgtg acgggc 16 

<210> 62 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #7. 

<400> 62 

ccgatgaagg aagtacc 17 

<210> 63 

<211> 17 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Oligonucleotide designed to act as primer for sequencing insert DNA 
of X phage #7. 



<400> 
cttcc 



63 

gcatg attgacc 17 
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